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SOLUTION: When a first switch 1 1 is turned OFF, a current IL of 
an induction element 12 is maintained with a current 
communication diode 14, while an induction element 12 releases 
the accumulated energy when it becomes conductive. A second 
switch 15 connected in parallel to the current communication diode 
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circuit 22 monitors the current IL When it is to be inverted, 
instruction is issued to a control circuit 21 to cut off the second 
switch 1 5. Thereby, even when a load is small, an inverse current 
does not flow into the induction element 1 2 to realize highly 
efficient switching power supply circuit. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The 1st switch formed between the induction component prepared between input/output terminals, 
and an induction component and an input terminal concerned. The rectifying device which has the polarity 
which maintains the 1st current which an end is connected between the 1st switch of the above, and an 
induction component, and flows for the induction component concerned, In the synchronous detection circuit 
which has the 2nd switch which flows so that it may connect with the rectifying device concerned at 
juxtaposition and may not lap with the "on" period of the 1st switch of the above The synchronous detection 
circuit characterized by having an induction component current detection means to supervise the 1st current of 
the above, and the 1st control means which intercepts the 2nd switch of the above based on directions of the 
above-mentioned induction component current detection means. 

[Claim 2] The rectifying device which has the polarity which maintains the 1st current which is established 
between the induction component prepared between input/output terminals, and an induction component and an 
output terminal concemed, and flows for the induction component concerned, In the synchronous detection 
circuit which has the 1st switch by which the end was connected between the above-mentioned induction 
component and the rectifying device, and the 2nd switch which flows so that it may connect with the above- 
mentioned rectifying device at juxtaposition and may not lap with the "on" period of the 1st switch of the above 
The synchronous detection circuit characterized by having an induction component current detection means to 
supervise the 1st current of the above, and the 1st control means which intercepts the 2nd switch of the above 
based on directions of the above-mentioned induction component current detection means. 
[Claim 3] The 1st switch formed between input/output terminals, and the rectifying device which is formed 
between the 1st switch of the above, and an output terminal, and has the polarity of the direction of [ from the 
above-mentioned output terminal ] an input terminal, In the synchronous detection circuit which has the 
induction component by which the end was connected between a rectifying device and the 1st switch 
concemed, and the 2nd switch which flows so that it may connect with the above-mentioned rectifying device at 
juxtaposition and may not lap with the "on" period of the 1st switch of the above The synchronous detection 
circuit characterized by having an induction component current detection means to supervise the 1st current of 
the above, and the 1st control means which intercepts the 2nd switch of the above based on directions of the 
above-mentioned induction component current detection means. 

[Claim 4] The synchronous detection circuit according to claim 2 or 3 characterized by having the induction 
component for a short circuit or the resistance for a short circuit by which the end was connected between the 
node of the 1st switch of the above, and an induction component, the capacitor formed between the above- 
mentioned rectifying devices, and a capacitor and a rectifying device concemed. 

[Claim 5] The 1st switch formed between the induction component prepared between input/output terminals, 
and an induction component and an input terminal concemed. The rectifying device which has the polarity 
which maintains the 1st current which an end is connected between the 1st switch of the above, and an 
induction component, and flows for the induction component concemed. In the synchronous detection circuit 
which has the 2nd switch which flows so that it may connect with the rectifying device concemed at 
juxtaposition and may not lap with the "on" period of the 1st switch of the above The synchronous detection 
circuit characterized by having the 2nd control means which presumes the 1st current of the above and controls 
the 2nd switch of the above based on the above-mentioned input terminal electrical potential difference and an 
output terminal electrical potential difference. 
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[Claim 6] The rectifying de^f^vhich has the polarity which maintains tril^t current which is established 
between the induction component prepared between input/output terminals, and an induction component and an 
output terminal concerned, and flows for the induction component concerned. In the synchronous detection 
circuit which has the 1st switch by which the end was connected between the above-mentioned induction 
component and the rectifying device, and the 2nd switch which flows so that it may connect with the above- 
mentioned rectifying device at juxtaposition and may not lap with the "on" period of the 1st switch of the above 
The synchronous detection circuit characterized by having the 2nd control means which presumes the 1st 
current of the above and controls the 2nd switch of the above based on the above-mentioned input terminal 
electrical potential difference and an output terminal electrical potential difference. 

[Claim 7] The 1st switch formed between input/output terminals, and the rectifying device which is formed 
between the 1st switch of the above, and an output terminal, and has the polarity of the direction of [ from the 
above-mentioned output terminal ] an input terminal, In the synchronous detection circuit which has the 
induction component by which the end was connected between a rectifying device and the 1st switch 
concerned, and the 2nd switch which flows so that it may connect with the above-mentioned rectifying device at 
juxtaposition and may not lap with the "on" period of the 1st switch of the above The synchronous detection 
circuit characterized by having the 2nd control means which presumes the 1st current of the above and controls 
the 2nd switch of the above based on the above-mentioned input terminal electrical potential difference and an 
output terminal electrical potential difference. 

[Claim 8] The synchronous detection circuit according to claim 6 or 7 characterized by having the induction 
component for a short circuit or the resistance for a short circuit by which the end was connected between the 
node of the 1st switch of the above, and an induction component, the capacitor formed between the above- 
mentioned rectifying devices, and a capacitor and a rectifying device concerned. 

[Claim 9] The electrical-potential-difference current transducer which generates the current according to the 
amount of fluctuation of the 1st current of the above based on whether the above-mentioned input terminal 
electrical potential difference, an output terminal electrical potential difference, and the 1st switch of the above 
have flowed through the 2nd control means of the above, The synchronous detection circuit according to claim 
5, 6, 7, or 8 characterized by having the control section which controls the 2nd switch of the above to the output 
of the electrical-potential-difference current transducer concerned based on the electrical potential difference of 
the 1st edge of the are recording capacitor to which the 1st edge was connected, and the are recording capacitor 
concerned. 

[Claim 10] The 1st amplifier circuit which generates the current which the above-mentioned electrical- 
potential-difference current transducer was based at least on one side among the above-mentioned input 
terminal electrical potential difference and the output terminal electrical potential difference, and is proportional 
to the amount of fluctuation of the 1st current of the above at the time of the flow of the 1st switch. The 1st 
current Miller circuit which slushes the output current of the above-mentioned 1st amplifier circuit, and the 
same quantity of a current into the 1st edge of the above-mentioned are recording capacitor only at the time of 
the flow of the 1st switch of the above. The 2nd amplifier circuit which generates the current which was based 
at least on one side among the above-mentioned input temiinal electrical potential difference and the output 
terminal electrical potential difference, and is proportional to the amount of fluctuation of the 1st current of the 
above at the time of cutoff of the 1st switch, The synchronous detection circuit according to claim 9 
characterized by having the 2nd current Miller circuit which draws out the output current of the above- 
mentioned 2nd amplifier circuit, and the same quantity of a current from the 1st edge of the above-mentioned 
are recording capacitor only at the time of cutoff of the 1st switch of the above. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] After this invention is intermittent in the power inputted by the ratio according to a 
desired output, it relates to the synchronous detection circuit to which effectiveness does not fall especially at 
the time of a light load, either about the synchronous detection circuit using a synchronous detection method 
among the switching power supply circuits graduated and outputted. 
[0002] 

[Description of the Prior Art] It is widely used from the former as a power circuit small [ a switching power 
supply circuit ] and efficient. The switching power supply circuit concerned can supply the electrical potential 
difference and current of a fixed value to a load irrespective of fluctuation of a load by graduating and 
outputting and adjusting the ratio at the time of being intermittent based on output voltage or the output current, 
after being intermittent in input power. 

[0003] In recent years, in order to improve the effectiveness of a switching power supply circuit further, the 
switching power supply circuit (synchronous detection circuit) which various approaches are proposed, for 
example, adopted the synchronous detection method in JP,9-261950,A is indicated. 

[0004] As shown in drawing 20 , while the 1st switch 111 has flowed in the conventional synchronous detection 
circuit 101, the input voltage Vin inputted into the input terminal IN is impressed to an output terminal OUT 
through the induction component 112 and the 1st switch 111. Moreover, in order to keep output voltage Vout 
constant, the output terminal OUT is grounded through the smoothing capacitor 1 13. 

[0005] Current IL which energy is accumulated in the induction component 112 and flows in the direction of an 
output terminal OUT with the induction component 112 in this condition As shown in drawing 21 , it increases 
with the inclination of (Vin-Vout)/L (period from ta of drawing 21 to tb). 

[0006] Current IL which will flow the induction component 1 12 on the other hand if the commutation diode 
1 14 and the 2nd switch 1 15 are formed in the series circuit of the above-mentioned induction component 1 12 
and a smoothing capacitor 1 13 at juxtaposition, respectively and the 1st switch 1 1 1 is intercepted (at the time of 
being tb) It is maintained by the commutation diode 114 concemed and the 2nd switch 115 which flowed. It is 
emitted and the energy accumulated in the induction component 1 12 in this condition is Current IL. It decreases 
with the inclination of -Vout/L (period from tb to te). If it becomes at the time of te, the 1st switch 111 of the 
above will flow again, and will begin to accumulate energy to the induction component 112. 
[0007] The 1st and 2nd switches 1 1 1-115 of the above are controlled by the control circuit 121, and a control 
circuit 121 supervises output voltage Vout, and controls the rate of the "on" period of the 1st switch 111, and a 
cutoff period to become a fixed value. Here, if both the above-mentioned switches 111-115 flow in coincidence, 
an input terminal IN will be grounded through both the switches 111-115, and a very big penetration current 
will flow. Therefore, a control circuit 121 forms the predetermined dead time Tdet between the switch timing of 
the 1st switch 111, and the switch timing of the 2nd switch 1 15, and it is controlling it so that both the switches 
111-115 do not flow in coincidence. 

[0008] Current IL which flows the induction component 112 with the above-mentioned configuration while the 
2nd switch 1 15 has flowed The 2nd switch 1 15 is flowed and a current mainly flows hardly to the commutation 
diode 1 14. Therefore, even if it is at the heavy-loading time with the large output load current lout, it does not 
generate but the forward voltage loss by the conmiutation diode 1 14 can realize the very efficient synchronous 
detection circuit 101. 
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[0009] 

[Problem(s) to be Solved by the Invention] However, the synchronous detection circuit 101 of the above- 
mentioned configuration has the problem that effectiveness tends to fall at the time of a light load. There is very 
little load current lout at the time of a light load, and, specifically, a control circuit 121 sets the cutoff period of 
the 1st switch 1 1 1 to it for a long time. Consequently, even if it passes over (tx) the time of all the energy 
accumulated in the "on" period of the 1st switch 1 1 1 to the induction component 1 12 being emitted, the 1st 
switch 111 may not flow. In this condition, a current flows from an output terminal OUT to GND through the 
induction component 112 and the 2nd switch 115 conversely with usual. Consequently, the conversion 
efficiency of the synchronous detection circuit 101 will fall to 50% or less. 

[0010] In addition, if the 2nd switch 1 15 has the polarity, the current of hard flow can be prevented, but as the 
2nd switch 1 15, if MOSFET is used, a current will flow also in the direction opposite to a polarity with the body 
diode formed in MOSFET. Here, if rectifying devices, such as diode, are connected to MOSFET at a serial in 
order to remove a reverse current for example, the effectiveness at the time of heavy loading will fall with the 
forward voltage of the diode concerned. 

[0011] This invention is made in view of the above-mentioned trouble, and the purpose is in realizing the 

switching power supply circuit where conversion efficiency is high, also when a load is small. 

[0012] 

[Means for Solving the Problem] In order that the synchronous detection circuit concerning invention of claim 1 
may solve the above-mentioned technical problem The 1st switch formed between the induction component 
prepared between input/output terminals, and an induction component and an input terminal concerned. The 
rectifying device which has the polarity which maintains the 1st current which an end is connected between the 
1st switch of the above, and an induction component, and flows for the induction component concerned. In the 
synchronous detection circuit which has the 2nd switch which flows so that it may connect with the rectifying 
device concerned at juxtaposition and may not lap with the "on" period of the 1st switch of the above It is 
characterized by having an induction component current detection means to supervise the 1st current of the 
above, and the 1st control means which intercepts the 2nd switch of the above based on directions of the above- 
mentioned induction component current detection means. 

[0013] In the synchronous detection circuit of the above-mentioned configuration, the energy usually 
accumulated sometimes to the induction component as the 1st current which flows for an induction component 
at the time of the flow of the 1st switch is emitted in the time of cutoff of the 1st switch. Therefore, a 
synchronous detection circuit tums into a switching power supply circuit of a step-down mold, and can maintain 
outputs, such as output voltage and the output current, at a predetermined value by controlling the rate of the 
"on" period of the 1st switch, and a cutoff period. 

[0014] With the above-mentioned configuration, while the 1st switch is intercepted, the 1st current of the above 
is maintained by the parallel circuit of a rectifying device and the 2nd switch. Here, since the 1st current flows 
via the 2nd switch while the 2nd switch has flowed, the loss generated when the 1st current flows a rectifying 
device, such as forward voltage loss of a rectifying device, is not generated. Therefore, even if it is the case that 
the output load current is large, it can detect synchronously very efficiently. 

[0015] By the way, in order that the 2nd switch may shorten the period when forward current flows to a 
rectifying device, to set up in the range which does not lap with the "on" period of the 1st switch as for a long 
time as possible is desired. Therefore, during many cases, for example, a predetermined dead time, intercept the 
both sides of the 1st and 2nd switches, and they are controlled by the residual period so that either the 1st switch 
or the 2nd switch flows. In addition, if the "on" period of the 1st and 2nd switches laps, a penetration current 
will flow through both switches and the effectiveness of a synchronous detection circuit will be reduced 
sharply. 

[0016] On the other hand, at the time of a light load with very littie output load current, the rate of the "on" 
period of the 1st switch usually becomes very short compared with the time. In this condition, when the 1st 
current of the above tends to approach 0 and tends to be reversed, even if it becomes, the 1st switch may not 
flow. If this condition is left and it is continuing making it flow through the 2nd switch, since the sense of the 
1st current of the above will be reversed and an output terminal will be connected with touch-down level too 
hastily through an induction component, the effectiveness of a synchronous detection circuit is reduced sharply. 
[0017] However, with the above-mentioned configuration, the induction component current detection means is 
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supervising the 1st current, tnWst current approaches 0, and what it is going to reverse is detected. The 1st 
control means intercepts the 2nd switch irrespective of whether the 1st switch has flowed, when the 1st current 
is reversed and it has based on this detection result. Thereby, even if it is at the light load time, the current of 
hard flow does not flow for an induction component. Therefore, even if it is at the light load time, the high 
synchronous detection circuit of conversion efficiency is realizable. 

[0018] In addition, since an induction component current detection means does not direct cutoff of the 2nd 
switch, sometimes, the "on" period of the 2nd switch can usually be set up sufficiently long like the 
conventional synchronous detection circuit. Therefore, the conversion efficiency of a synchronous detection 
circuit is always maintainable on high level. 

[0019] Moreover, the synchronous detection circuit concerning invention of claim 2 The induction component 
prepared between input/output terminals in order to solve the above-mentioned technical problem, The 
rectifying device which has the polarity which maintains the 1st current which is established between induction 
components and output terminals concerned, and flows for the induction component concerned. In the 
synchronous detection circuit which has the 1st switch by which the end was connected between the above- 
mentioned induction component and the rectifying device, and the 2nd switch which flows so that it may 
connect with the above-mentioned rectifying device at juxtaposition and may not lap with the "on" period of the 
1st switch of the above It is characterized by having an induction component current detection means to 
supervise the 1st current of the above, and the 1st control means which intercepts the 2nd switch of the above 
based on directions of the above-mentioned induction component current detection means. 
[0020] According to the above-mentioned configuration, the energy accumulated in the induction component at 
the time of the flow of the 1st switch is superimposed and outputted to the electrical potential difference 
impressed to an input terminal at the time of cutoff of the 1st switch. Thereby, a synchronous detection circuit 
turns into a switching power supply circuit of a step-up mold, and can maintain outputs, such as output voltage 
and the output current, at a predetermined value by controlling the rate of the "on" period of the 1st switch, and 
a cutoff period. 

[0021] Also in the above-mentioned configuration, the induction component current detection means is 
supervising the 1st current as well as the configuration of claim 1, and the 1st control means intercepts the 2nd 
irrespective of whether the 1st switch has flowed, when the 1st current is going to approach 0 and it is going to 
reverse it. Thereby, even if it is at the light load time, the current of hard flow does not flow for an induction 
component. Therefore, even if it is at the light load time, the high synchronous detection circuit of conversion 
efficiency is realizable. 

[0022] Furthermore, the synchronous detection circuit concerning invention of claim 3 The 1st switch formed 
between input/output terminals in order to solve the above-mentioned technical problem. The rectifying device 
which is formed between the 1st switch of the above, and an output terminal, and has the polarity of the 
direction of [ from the above-mentioned output terminal ] an input terminal, In the synchronous detection circuit 
which has the induction component by which the end was connected between a rectifying device and the 1st 
switch concerned, and the 2nd switch which flows so that it may connect with the above-mentioned rectifying 
device at juxtaposition and may not lap with the "on" period of the 1st switch of the above It is characterized by 
having an induction component current detection means to supervise the 1st current of the above, and the 1st 
control means which intercepts the 2nd switch of the above based on directions of the above-mentioned 
induction component current detection means. 

[0023] According to the above-mentioned configuration, at the time of the flow of the 1st switch, a polarity is 
reversed and the energy accumulated in the induction component is outputted at the time of cutoff of the 1st 
switch. Thereby, a synchronous detection circuit tums into a switching power supply circuit of a reversal mold, 
and can maintain outputs, such as output voltage and the output current, at a predetermined value by controlling 
the rate of the "on" period of the 1st switch, and a cutoff period. 

[0024] Also in the above-mentioned configuration, the induction component current detection means is 
supervising the 1st current as well as the configuration of claim 1, and the 1st control means intercepts the 2nd 
irrespective of whether the 1st switch has flowed, when the 1st current is going to approach 0 and it is going to 
reverse it. Thereby, even if it is at the light load time, the current of hard flow does not flow for an induction 
component. Therefore, even if it is at the light load time, the high synchronous detection circuit of conversion 
efficiency is realizable. 
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[0025] In addition, the synchronous detection circuit concerning invention oTclaim 4 is characterized by having 
the induction component for a short circuit or the resistance for a short circuit by which the end was connected 
between the node of the 1st switch of the above, and an induction component, the capacitor formed between the 
above-mentioned rectifying devices, and a capacitor and a rectifying device concerned in the configuration of 
invention according to claim 2 or 3. 

[0026] With the configuration concerned, the energy accumulated in the induction component is outputted 
through a capacitor at the time of the flow of the 1st switch. Thereby, a synchronous detection circuit turns into 
a switching power supply circuit of an up-and-down mold, and can maintain outputs, such as output voltage and 
the output current, at a predetermined value by controlling the rate of the "on" period of the 1st switch, and a 
cutoff period. 

[0027] Also in the above-mentioned configuration, the induction component current detection means is 
supervising the 1st current as well as the configuration of claim 1, and the 1st control means intercepts the 2nd 
irrespective of whether the 1st switch has flowed, when the 1st current is going to approach 0 and it is going to 
reverse it. Thereby, even if it is at the light load time, the current of hard flow does not flow for an induction 
component. Therefore, even if it is at the light load time, the high synchronous detection circuit of conversion 
efficiency is realizable. 

[0028] On the other hand, the synchronous detection circuit concerning invention of claim 5 The induction 
component prepared between input/output terminals in order to solve the above-mentioned technical problem. 
The rectifying device which has the polarity which maintains the 1st current which an end is connected between 
the 1st switch formed between induction components and input terminals concemed, and the 1st switch of the 
above and an induction component, and flows for the induction component concemed, In the synchronous 
detection circuit which has the 2nd switch which flows so that it may connect with the rectifying device 
concemed at juxtaposition and may not lap with the "on" period of the 1st switch of the above Based on the 
above-mentioned input terminal electrical potential difference and the output terminal electrical potential 
difference, the 1st current of the above is presumed and it is characterized by having the 2nd control means 
which controls the 2nd switch of the above. 

[0029] With the above-mentioned configuration, the 2nd control means presumes the 1st current of the above 
based on an input terminal electrical potential difference and an output terminal electrical potential difference 
instead of supervising the 1st current directly using an induction component current detection means. Therefore, 
in order to detect a current, resistance can be prepared on the passage of the 1st current, or unlike the case where 
the 1st current is detected, a magnetometric sensor etc. can constitute the 2nd control means using the amplifier 
which amplifies an electrical potential difference. Therefore, it has the same effectiveness as claim 1 which can 
operate as a switching power supply circuit of a step-down mold, and a smaller and efficient synchronous 
detection circuit can be realized. 

[0030] Moreover, the synchronous detection circuit concerning invention of claim 6 The induction component 
prepared between input/output terminals in order to solve the above-mentioned technical problem. The 
rectifying device which has the polarity which maintains the 1st current which is established between induction 
components and output terminals concemed, and flows for the induction component concemed. In the 
synchronous detection circuit which has the 1st switch by which the end was connected between the above- 
mentioned induction component and the rectifying device, and the 2nd switch which flows so that it may 
connect with the above-mentioned rectifying device at juxtaposition and may not lap with the "on" period of the 
1st switch of the above Based on the above-mentioned input terminal electrical potential difference and the 
output terminal electrical potential difference, the 1st current of the above is presumed and it is characterized by 
having the 2nd control means which controls the 2nd switch of the above. 

[0031] With the above-mentioned configuration, the 2nd control means presumes the 1st current of the above 
like the synchronous detection circuit concerning invention of claim 5 based on an input terminal electrical 
potential difference and an output terminal electrical potential difference. Therefore, it has the same 
effectiveness as claim 2 which can operate as a switching power supply circuit of a step-up mold, and a smaller 
and efficient synchronous detection circuit can be realized. 

[0032] Furthermore, the synchronous detection circuit concerning invention of claim 7 The 1st switch formed 
between input/output terminals in order to solve the above-mentioned technical problem. The rectifying device 
which is formed between the 1st switch of the above, and an output terminal, and has the polarity of the 
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direction of [ from the above^entioned output terminal ] an input terminainn the synchronous detection circuit 
which has the induction component by which the end was connected between a rectifying device and the 1st 
switch concerned, and the 2nd switch which flows so that it may connect with the above-mentioned rectifying 
device at juxtaposition and may not lap with the "on" period of the 1st switch of the above Based on the above- 
mentioned input terminal electrical potential difference and the output terminal electrical potential difference, 
the 1st current of the above is presumed and it is characterized by having the 2nd control means which controls 
the 2nd switch of the above. 

[0033] With the above-mentioned configuration, the 2nd control means presumes the 1st current of the above 
like the synchronous detection circuit conceming invention of claim 5 based on an input terminal electrical 
potential difference and an output terminal electrical potential difference. Therefore, it has the same 
effectiveness as claim 3 which can operate as a switching power supply circuit of a reversal mold, and a smaller 
and efficient synchronous detection circuit can be realized. 

[0034] In addition, the synchronous detection circuit conceming invention of claim 8 is characterized by having 
the induction component for a short circuit or the resistance for a short circuit by which the end was connected 
between the node of the 1st switch of the above, and an induction component, the capacitor formed between the 
above-mentioned rectifying devices, and a capacitor and a rectifying device concerned in the configuration of 
invention according to claim 6 or 7. 

[0035] With the configuration concerned, the energy accumulated in the induction component is outputted 
through a capacitor at the time of the flow of the 1st switch. Therefore, it has the same effectiveness as claim 4 
which can operate as a switching power supply circuit of an up-and-down mold, and a smaller and efficient 
synchronous detection circuit can be realized. 

[0036] By the way, the approach and the implementation approach of the 2nd control means the 2nd control 
means of the above presumes the 1st current based on an input terminal electrical potential difference and an 
output terminal electrical potential difference can consider various approaches. For example, you may realize in 
an analog circuit and the 2nd control means can also be realized in a digital circuit. Moreover, based on the I/O 
electrical potential difference at a certain time, the 1st current in near may be computed the time of the 1st 
current being reversed. If it is the approach that the 1st current can be presumed for the time of the 1st current 
being reversed to computable extent at least, the various calculation approaches are employable, 
[0037] However, when the time of the sense of the 1st current being actually reversed and the time of 
intercepting the 2nd switch based on the presumed result of the 1st current are not in agreement, the 
effectiveness of a synchronous detection circuit will be reduced. 

[0038] The synchronous detection circuit conceming invention of claim 9 here In the configuration of invention 
according to claim 5, 6, 7, or 8 the 2nd control means of the above The electrical-potential-difference current 
transducer which generates the current according to the amount of fluctuation of the 1st current of the above 
based on whether the above-mentioned input terminal electrical potential difference, an output terminal 
electrical potential difference, and the 1st switch of the above have flowed, Based on the electrical potential 
difference of the 1st edge of the are recording capacitor by which the 1st edge was connected to the output of 
the electrical-potential-difference current transducer concerned, and the are recording capacitor concerned, it is 
characterized by having the control section which controls the 2nd switch of the above. 
[0039] Generally, if it is determined whether the 1st switch has flowed, it can compute the amount of 
fluctuation of the 1st current from an input/output terminal electrical potential difference. If the configuration of 
claim 5 is made into an example, an I/O electrical potential difference is set to Vin and Vout and the reactance 
of an induction component is set to L, the amount of fluctuation of the 1st current is set to (Vin-Vout)/L when 
the 1st switch has flowed, and when intercepted, it will serve as -Vout/L. 

[0040] In the above-mentioned configuration, an electrical-potential-difference current transducer computes the 
amount of fluctuation of the 1st current concerned computed based on the input/output terminal electrical 
potential difference, and generates the current of the amount according to the amount of fluctuation concerned. 
According to the value which integrated with the above-mentioned amount of fluctuation, i.e., the amount of the 
1st current, since the current concerned is accumulated in an are recording capacitor, the electrical potential 
difference of the 1st edge of an are recording capacitor changes. Consequently, the 1st current can be presumed 
very correctly and the time of reversing the sense can be presumed in a high precision. Therefore, it can prevent 
certainly that a reverse current flows for an induction component, and the conversion efficiency of a 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



6/9/2005 



JP,11-235022,A PET AILED DESCRIPTION] 



Page 6 of 20 



synchronous detection circui^Hh be improved further. 

[0041] In addition, since it is realizable in analog circuits, such as amplifier, the above-mentioned current 
potential transducer and a control section can be accumulated comparatively easily with other members of 
synchronous detection circuits, such as a circuit which determines the "on" period of the 1st switch, for 
example. Moreover, compared with the case where it realizes in a digital circuit, a circuit scale and power 
consumption are reducible. Therefore, small and the synchronous detection circuit of a low power are 
realizable. 

[0042] Moreover, the synchronous detection circuit concerning invention of claim 10 In the configuration of 
invention according to claim 9 the above-mentioned electrical-potential-difference current transducer The 1st 
amplifier circuit which generates the current which was based at least on one side among the above-mentioned 
input terminal electrical potential difference and the output terminal electrical potential difference, and is 
proportional to the amount of fluctuation of the 1st current of the above at the time of the flow of the 1st switch. 
The 1st current Miller circuit which slushes the output current of the above-mentioned 1st amplifier circuit, and 
the same quantity of a current into the 1st edge of the above-mentioned are recording capacitor only at the time 
of the flow of the 1st switch of the above. The 2nd amplifier circuit which generates the current which was 
based at least on one side among the above-mentioned input terminal electrical potential difference and the 
output terminal electrical potential difference, and is proportional to the amount of fluctuation of the 1st current 
of the above at the time of cutoff of the 1st switch. It is characterized by having the 2nd current Miller circuit 
which draws out the output current of the above-mentioned 2nd amplifier circuit, and the same quantity of a 
current from the 1st edge of the above-mentioned are recording capacitor only at the time of cutoff of the 1st 
switch of the above. 

[0043] With the above-mentioned configuration, at the time of the flow of the 1st switch, the 1st amphfier 
circuit and the 1st current Miller circuit operate, and a charge is accumulated in the 1st edge of the above- 
mentioned are recording capacitor. On the other hand, at the time of cutoff of the 1st switch, the 2nd amplifier 
circuit and the 2nd current Miller circuit operate, and a charge is emitted from the 1st edge of the above- 
mentioned are recording capacitor. Thereby, an electrical-potential-difference current conversion circuit can 
generate the current according to the amount of fluctuation of the 1st current of the above in a high precision in 
the both sides of the flow of the 1st switch, and the time of cutoff. 
[0044] 

[Embodiment of the Invention] [1st operation gestalt] It is as follows when 1 operation gestalt of this invention 
is explained based on drawing 1 and drawing 2 . That is, from the DC power supply to which it is the DC to DC 
converter of the step-down mold which used the synchronous detection method, for example, an electrical 
potential difference is changed, the switching power supply circuit concerning this operation gestalt is suitably 
used, in order to generate the constant voltage of a desired value. 

[0045] As shown in drawing 1 , specifically, the series circuit which consists of the 1st switch 11 and an 
induction component 12 between an input terminal IN and an output terminal OUT is established in the above- 
mentioned switching power supply circuit 1. The node of the above-mentioned induction component 12 and an 
output terminal OUT is grounded through the smoothing capacitor 13, and the node of the 1st switch 11 and the 
induction component 12 is grounded through the commutation diode (rectifying device) 14 connected to the 
polarity which maintains the current of the induction component 12. Moreover, the 2nd switch 15 is formed in 
juxtaposition at the conmiutation diode 14 concemed. 

[0046] The above-mentioned switching power supply circuit 1 is equipped with the control circuit (the 1st and 
2nd control means) 21 which controls a flow/cutoff of both the above-mentioned switches 11-15, and both the 
switches 11-15 are controlled so that an "on" period does not lap mutually. Moreover, the control circuit 21 
concerned supervises the output voltage Vout of an output terminal OUT, and it controls the rate of the "on" 
period of the 1st switch 11, and a cutoff period so that the output voltage Vout concerned becomes fixed. 
[0047] Furthermore, the switching power supply circuit 1 concerning this operation gestalt is equipped with the 
induction component current detector (induction component current detection means) 22 which detects the 
sense of the current in the node of the induction component 12 and an output terminal OUT. The above- 
mentioned induction component current detector 22 is the resistance connected to the induction component 12 
at the serial, in this case, is comparing the potential of the both ends of the resistance concerned, and can detect 
the sense of the current which flows for the induction component 12. In addition, with this operation gestalt, the 
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degradation resulting from tnWoltage drop of the resistance concerned is prevented, using the resistance 
component of wiring as resistance. 

[0048] A control circuit 21 is in the condition that the 2nd switch 15 is intercepted, and makes it flow through 
the 1st switch 11 in the switching power supply circuit 1 of the above-mentioned configuration, as shown in 
drawing 2 (at the time of tl). Thereby, the input voltage Vin impressed to an input terminal IN is outputted to an 
output terminal OUT through the 1st switch 1 1 and the induction component 12. Current XL which flows for the 
induction component 12 in this condition It increases by the inclination dIL shown in the following formulas 
(l)/dt. 
[0049] 

dIL/dt=(Vin-Vout)/L - (1) 

In addition, it sets at an upper ceremony (1) and is the induced current IL. The direction makes forward the 
direction of [ from an input terminal IN ] an output terminal OUT, and L shows the reactance of the induction 
component 12. In this condition, since input voltage Vin is impressed to the input side of the induction 
component 12, the commutation diode 14 serves as reversed polarity, and is intercepted. Moreover, the 2nd 
switch 15 is also intercepted. 

[0050] The 1st switch 1 1 is intercepted, and a control circuit 21 makes it flow through the 2nd switch 15, if it 
becomes at the time of t2, after the predetermined dead time Tdet passes (at the time of t3). Furthermore, a 
control circuit 21 makes it flow through the 1st switch 11, after flowing through the 2nd switch 15 at the time of 
t4 and the predetermined dead time Tdet passes (at the time of t5). Thus, the control circuit 21 has prepared the 
predetermined dead time Tdet for the both sides of a during [ the cutoff / of the 2nd switch 15 / and flow time of 
the 1st switch 1 1 ] during the cutoff [ of the 1st switch 11], and flow time of the 2nd switch 15. Therefore, the 
penetration current which flows when both the switches 11-15 flow in coincidence is not generated. 
[0051] current IL which flows for the induction component 12 here in the period (periods from t2 to t5) when 
the 1st switch 11 is intercepted it maintains with commutation diode 14 **** 2 switch 15 ~ having — **** ~ 
current IL an inclination dIL / dt is shown in the following formulas (2) — as ~ dIL/dt=- (Vout/L) — (2) 
It becomes. 

[0052] Moreover, the 2nd switch 15 has flowed and the periods from t3 among the periods from the above t2 to 
t5 to t4 are the above-mentioned currents IL. Not the commutation diode 14 but the 2nd switch 15 is flowed. 
Therefore, loss resulting from the forward voltage of the conmiutation diode 14 does not generate the period 
through which the 2nd switch 15 has flowed. Consequently, current IL which the output load current lout is 
large and flows the induction component 12 Even if it is a large case, the conversion efficiency of the switching 
power supply circuit 1 can be maintained at 80% or more and a high value. 

[0053] Thus, it is the induced current IL during the "on" period of the 1st switch 11. After the energy which 
carried out and was accumulated to the induction component 12 is emitted during the cutoff period of the 1st 
switch 1 1 and is graduated with a smoothing capacitor 13, it is outputted from an output terminal OUT. Here, a 
control circuit 21 supervises output voltage Vout, and it carries out feedback control of the rate of the "on" 
period of the 1st switch 11, and a cutoff period so that output voltage Vout may become fixed. Thereby, the 
switching power supply circuit 1 can continue outputting the electrical potential difference of a fixed value 
irrespective of fluctuation of a load. 

[0054] For example, if the output load current lout increases and output voltage Vout tends to decrease from the 
desired value Vcon, a control circuit 21 will extend the "on" period of the 1st switch 1 1. On the other hand, if 
the output load current lout tends to decrease and output voltage Vout tends to increase from the desired value 
Vcon, the "on" period of the 1st switch 11 will be shortened. 

[0055] Current IL which flows the induction component 12 here as shown in an above-mentioned formula (2) It 
is the induced current IL as the cutoff period of the 1st switch 11 becomes long since it continues decreasing 
while the 1st switch 11 is intercepted. 0 is approached. Therefore, if it continues making it flow through the 2nd 
switch 15 when there is extremely little output load current lout when the cutoff period of the 1st switch 11 is 
very long (tl 1 or subsequent ones), it is the induced current IL. It becomes zero or less and is the induced 
current EL. The sense may be reversed. In this case, since a current flows from an output terminal OUT to GND 
through the induction component 12 and the 2nd switch 15, the conversion efficiency of the switching power 
supply circuit 1 will fall to 50% or less. 

[0056] However, at this operation gestalt, the induction component current detector 22 is the induced current IL. 
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When the sense is always supe^ised, the forward current of the induction component 12 tends to approach 0 
and the sense tends to be reversed (at the time of being tl4), the signal for intercepting the 2nd switch 15 is sent 
out to a control circuit 21. A control circuit 21 makes the 2nd switch 15 intercept irrespective of a flow/cutoff of 
the 1st switch 11, when the signal concerned is received. Thereby, for the induction component 12, even when 
there are few output loads, a reverse current does not flow. Therefore, even when there are few output loads, 
high conversion efficiency can be maintained. Consequently, the switching power supply circuit 1 of the step- 
down mold which can maintain conversion efficiency at a high value (for example, 80% or more) is always 
realizable, 

[0057] [2nd operation gestalt] With the operation gestalt of the above 1st, although the switching power supply 
circuit 1 of a step-down mold was explained, this invention is applicable not only to this but the switching 
power supply circuit of other molds. This operation gestalt explains the case where it applies to a step-up mold, 
as other examples of application. 

[0058] That is, as shown in drawing 3 , in switching power supply circuit la of a step-up mold, the end of the 
induction component 12 is connected to the input terminal IN, and the other end is grounded through the 1st 
switch 11. The node of the induction component 12 and the 1st switch 1 1 is connected to the output terminal 
OUT through the parallel circuit which consists of commutation diode 14 and the 2nd switch 15. The polarity of 
the commutation diode 14 concerned is set up in the direction of [ from the induction component 12 ] an output 
terminal OUT which maintains the current ILa of the induction component 12, i.e., the direction. Moreover, the 
smoothing capacitor 13 is formed among output terminals OUT and GND. On the other hand, the induction 
component current detector 22 concerning this operation gestalt is supervising the current ILa of the node of the 
induction component 12 and an input terminal IN. Thereby, while the control circuit 21 concerning this 
operation gestalt controls the 1st and 2nd switches 11-15 like the 1st operation gestalt according to output 
voltage Vout so that the rate of the "on" period of the 1st switch 1 1 and a cutoff period is adjusted and an "on" 
period does not lap mutually, the forward current of the induction component 12 approaches 0, and a reverse 
current can intercept the 2nd switch 15 to a case the method of flow, and the bottom. 

[0059] With the above-mentioned configuration, as shown in drawing 2 , the induced current ELa increases to 
the period (periods from tl to t2) through which the 1st switch 11 has flowed, and decreases at the period 
(periods from t2 to t5) currently intercepted. Here, inclination dILa/dt at the time of an increment and reduction 
should be shown in the following formulas (3) and (4). dILa/dt=Vin/L — (3) 
dILa/dt=(Vin-Vout)/L - (4) 
It becomes. 

[0060] With the configuration concerned, the energy accumulated in the induction component 12 is 
superimposed and outputted to input voltage Vin in the cutoff period of the 1st switch 11 in the "on" period of 
the 1st switch 11. Consequently, switching power supply circuit la can supply the bigger output voltage Vout 
than input voltage Vin to a load. Moreover, the output voltage Vout concerned can be kept being the same as 
that of the 1st operation gestalt to the fixed value Vcon by carrying out feedback control of the rate of the "on" 
period of the 1st switch 11, and a cutoff period according to output voltage Vout. 

[0061] Here, also in the configuration concerned, as the flowing current ILa shows the induction component 12 
in an above-mentioned formula (4), while the 1st switch 11 is intercepted, it continues decreasing. Therefore, 
like the 1st operation gestalt, when the cutoff period of the 1st switch 11 is very long (til or subsequent ones), 
when it continues making it flow through the 2nd switch 15, the induced current ILa may become zero or less, 
and the sense of the induced current ILa may be reversed. In this case, since a current flows from an output 
terminal OUT to an input terminal IN through the 2nd switch 15 and the induction component 12, the 
conversion efficiency of switching power supply circuit la will fall to 50% or less. 
[0062] However, with this operation gestalt, when the induction component current detector 22 is always 
supervising the sense of the induced current ILa, the forward current of the induction component 12 tends to 
approach 0 and the sense tends to be reversed (at the time of being tl4), the signal for intercepting the 2nd 
switch 15 is sent out to a control circuit 21. A control circuit 21 makes the 2nd switch 15 intercept irrespective 
of a flow/cutoff of the 1st switch 11, when the signal concerned is received. Thereby, for the induction 
component 12, even when there are few output loads, a reverse current does not flow. Therefore, even when 
there are few output loads, high conversion efficiency can be maintained. Consequently, switching power 
supply circuit la of the step-up mold which can maintain conversion efficiency at a high value (for example. 
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80% or more) is always realizSole. 
[0063] [Srd operation gestalt] This operation gestalt explains the case where it applies to a reversal mold, as 
other examples of application based on drawing 4 and drawing 2 . That is, as shown in drawing 4 , in switching 
power supply circuit lb of a reversal mold, the end of the induction component 12 is grounded and the other 
end is connected to the input terminal IN through the 1st switch 11. The node of the induction component 12 
and the 1st switch 11 is connected to the output terminal OUT through the parallel circuit which consists of 
conmiutation diode 14 and the 2nd switch 15. The polarity of the commutation diode 14 concerned is set up in 
the direction of [ from an output terminal OUT ] the induction component 12 which maintains the current ILb of 
the induction component 12, i.e., the direction. Moreover, the smoothing capacitor 13 is formed among output 
terminals OUT and GND. On the other hand, the induction component current detector 22 concerning this 
operation gestalt is supervising the current ILb which flows from the induction component 12 to GND. 
Thereby, while the control circuit 21 concerning this operation gestalt controls the 1st and 2nd switches 11-15 
like the 1st operation gestalt according to output voltage Vout so that the rate of the "on" period of the 1st 
switch 1 1 and a cutoff period is adjusted and an "on" period does not lap mutually, the forward current of the 
induction component 12 approaches 0, and a reverse current can intercept the 2nd switch 15 to a case the 
method of flow, and the bottom. 

[0064] With the above-mentioned configuration, as shown in drawing 2 , the induced current ILb increases to 
the period (periods from tl to t2) through which the 1st switch 11 has flowed, and decreases at the period 
(periods from t2 to t5) currently intercepted. Here, inclination dILb/dt at the time of an increment and reduction 
should be shown in the following formulas (5) and (6). dILb/dt=Vin/L — (5) 
dILb/dt=Vout/L - (6) 
It becomes. 

[0065] With the configuration concerned, the energy accumulated in the induction component 12 in the "on" 
period of the 1st switch 1 1 is outputted with a polarity with reverse input voltage Vin in the cutoff period of the 
1st switch 11. Consequently, the output voltage Vout of reversed polarity can be supphed to a load to input 
voltage Vin. Moreover, the output voltage Vout concemed can be kept being the same as that of the 1st 
operation gestalt to the fixed value Vcon by carrying out feedback control of the rate of the "on" period of the 
1st switch 11, and a cutoff period according to output voltage Vout. 

[0066] Here, also in the configuration concemed, as shown in an above-mentioned formula (5), the current ILb 
which flows the induction component 12 continues decreasing, while the 1st switch 11 is intercepted. However, 
Hke the 1st operation gestalt, the induction component current detector 22 is always supervising the sense of the 
induced current ILb, and the forward current of the induction component 12 approaches 0, and based on 
directions of the induction component current detector 22, a control circuit 21 intercepts the 2nd switch 15, 
when the sense tends to be reversed (at the time of being tl4). Thereby, for the induction component 12, even 
when there are few output loads, a reverse current does not flow. Therefore, even when there are few output 
loads, high conversion efficiency can be maintained. Consequently, switching power supply circuit lb of the 
reversal mold which can maintain conversion efficiency at a high value (for example, 80% or more) is always 
realizable. 

[0067] [4th operation gestalt] This operation gestalt explains the case where it applies to an up-and-down mold, 
as other examples of application based on drawing 5 and drawing 2 . Namely, although switching power supply 
circuit Ic of an up-and-down mold is the same as that of switching power supply circuit la shown in drawing 
3 , and abbreviation as shown in drawing 5 R> 5 The capacitor 16 is formed between the node of the induction 
component 12 and the 1st switch 11, and the commutation diode 14. The node of a capacitor 16 and the 
commutation diode 14 It is grounded through the induction component for a short circuit, or the impedance 
component (all over drawing, it is written as Z) 17 which consists of resistance for a short circuit. In addition, 
since the residual configuration is the same as that of the above-mentioned switching power supply circuit la, it 
gives the same sign to the member which has the same function, and omits explanation. 
[0068] With the above-mentioned configuration, as shown in drawing 2 , the induced current ILc which flows 
for the induction component 12 increases to the period (periods from tl to t2) through which the 1st switch 11 
has flowed, and decreases at the period (periods from t2 to t5) currently intercepted. Here, inclination dILc/dt at 
the time of an increment and reduction should be shown in the following formulas (7) and (8). dILc/dt=Vin/L - 
(7) 
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clILc/dt=- (Vout/L) - (8) 
It becomes. 

[0069] With the configuration concerned, the energy accumulated in the induction component 12 in the "on" 
period of the 1st switch 1 1 is outputted to the cutoff period of the 1st switch 1 1 through a capacitor 16. 
Therefore, the output voltage Vout concerned can be kept being the same as that of the 1st operation gestalt to 
the fixed value Vcon by carrying out feedback control of the rate of the "on*' period of the 1st switch 11, and a 
cutoff period according to output voltage Vout. With this operation gestalt, phase contrast produces the 
induction component 12 by the capacitor 16 and the impedance component 17 between flowing Currents ILc 
and the output load currents lout. Consequently, even if it is the case where the size relation between input 
voltage Vin and output voltage Vout changes, switching power supply circuit Ic of an up-and-down mold 
maintainable to the fixed value Vcon is [ the output voltage Vout concerned ] realizable. 
[0070] Here, also in the configuration concerned, as shown in an above-mentioned formula (7), the current ILc 
which flows the induction component 12 continues decreasing, while the 1st switch 11 is intercepted. However, 
like the 1st operation gestalt, the induction component current detector 22 is always supervising the sense of the 
induced current ILc, and the forward current of the induction component 12 approaches 0, and based on the 
directions from induction component current detector 22b, a control circuit 21 intercepts the 2nd switch 15, 
when the sense tends to be reversed (at the time of being tl4). Thereby, for the induction component 12, even 
when there are few output loads, a reverse current does not flow. Therefore, even when there are few output 
loads, high conversion efficiency can be maintained. Consequently, switching power supply circuit Ic of the 
up-and-down mold which can maintain conversion efficiency at a high value (for example, 80% or more) is 
always realizable. 

[0071] The 2nd switch 15 is intercepted by carrying out direct detection of [the 5th operation gestalt] and the 
sense of the current which flows the induction component 12 with the above 1st thru/or the 4th operation gestalt 
by time using the induction component current detector 22. The induction component current detector 22 
concerned can measure the electrical potential difference between both ends of the resistance connected to the 
induction component 12 at the serial, or measures magnetic field strength using a hall device etc., and can detect 
the sense of the above-mentioned current. 

[0072] However, since accumulation is difficult for the component which measures a field, a switching power 
supply circuit tends to enlarge it. On the other hand, when detecting using resistance, there is a possibility that 
the effectiveness of the whole switching power supply circuit may fall by the voltage drop of resistance. In 
addition, as resistance for measurement, if the resistance component of wiring is used, decline in effectiveness 
is reducible. Moreover, if resistance is made small, loss resulting from resistance can be controlled. However, 
precision and gain required [ since the resistance of the resistance for measurement becomes small even if it is 
which case ] in order to measure the sense of a current become very high. On the other hand, since it is 
improving every year in order that the switching frequency of the 1st switch 1 1 may raise conversion efficiency, 
a quicker detection rate is needed. Therefore, it is necessary to form the induction component current detector 
22 so that the both sides of the accuracy of measurement and a working speed may satisfy desired level, and it is 
small, and it difficult to realize the switching power supply circuit of low loss. 

[0073] On the other hand, with the following operation gestalten, the time of the sense of the flowing current 
reversing the induction component 12 based on input voltage Vin and output voltage Vout is predicted, and the 
configuration which intercepts the 2nd switch 15 is explained. 

[0074] That is, the switching power supply circuit 2 shown in drawing 6 is a switching power supply circuit of a 
step-down mold, and is the same configuration as the switching power supply circuit 1 and abbreviation shown 
in drawing 1 . However, it replaces with the induction component current detector 22, and differs in that the 
electrical-potential-difference integral control circuit (the 2nd control means) 23 is formed. 
[0075] The above-mentioned electrical-potential-difference integral control circuit 23 is the current IL which 
detects input voltage Vin and output voltage Vout, and flows for the induction component 12, It calculates and 
is Current IL. When reversed, the signal for intercepting the 2nd switch 15 is sent out to a control circuit 21. If 
OV and flow time amount of the 1st switch 11 are set to TON, the electrical potential difference between both 
ends at the time of the flow of both the switches 11-15 specifically The time amount x until the energy 
accumulated to the induction component 12 at the time of the flow of the 1st switch 1 1 is emitted should be 
shown in the following formulas (9) from an above-mentioned formula (1) and an above-mentioned formula 
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(2). X = [ TON-CVin-VouOA^^] - (9) 

It becomes. Therefore, if a control circuit 21 will intercept the 2nci switch 15 by the time the electrical-potential- 
difference integral control circuit 23 computes the above-mentioned time amount x and time amount x passes 
since the cutoff time of the 1st switch 1 1, a reverse current will not flow for the induction component 12. 
Moreover, interrupting time TOFF of the 1st switch 1 1 Even if it controls a flow/cutoff of the 2nd switch 15 to 
become the x or less above-mentioned time amount, generating of a reverse current can be prevented. 
[0076] In addition, in before the time of a reverse current beginning to flow [ the cutoff time of the 2nd switch 
15 ], forward current flows through the commutation diode 14. Consequently, the forward voltage loss by the 
commutation diode 14 by the time it intercepts the 2nd switch 15 occurs, and the effectiveness of the switching 
power supply circuit 2 is reduced. On the other hand, since a reverse current will flow by the time it intercepts 
the 2nd switch 15 when the 2nd switch 15 is intercepted after the time of a reverse current beginning to flow, 
loss resulting from a reverse current occurs. Therefore, it is most desirable to control the cutoff time of the 2nd 
switch 15 so that it may be in agreement with the time of a reverse current beginning to flow. However, it is 
better to control it here so that the 2nd switch 15 is intercepted a little early and a reverse current does not flow 
when the time of a reverse current beginning to flow cannot be predicted correctly, since the loss resulting from 
a reverse current is larger than loss resulting from the forward voltage of the commutation diode 14. 
[0077] Thereby, it is the induced current EL. A reverse current can be prevented certainly, without measuring 
directiy. Consequentiy, like the 1st operation gestalt, even when there are few output loads, conversion 
efficiency can be maintained and the switching power supply circuit 2 of the step-down mold which can always 
maintain conversion efficiency at a high value (for example, 80% or more) can be realized. 
[0078] Moreover, the electrical-potential-difference integral control circuit 23 concerning this operation gestalt 
has determined the cutoff timing of the 2nd switch 15 based on input voltage Vin and output voltage Vout. 
Therefore, resistance can be determined as a serial and cutoff timing can be determined as the induction 
component 12 at ******. Consequently, in the case of [ 22 ] the switching power supply circuit 1 of the 1st 
operation gestalt (i.e., an induction component current detector), compared with the case where cutoff timing is 
determined, small and the switching power supply circuit of low loss can be realized comparatively easily. 
[0079] [6th operation gestalt] Although the operation gestalt of the above 5th explained the case where an 
electrical-potential-difference integral control circuit was prepared in the switching power supply circuit of a 
step-down mold, this invention is applicable not only to this but the switching power supply circuit of other 
molds. For example, in switching power supply circuit la of the step-up mold shown in drawing 3 , when 
electrical-potential-difference integral control circuit 23a is prepared instead of the induction component current 
detector 22, switching power supply circuit 2a shown in drawing 7 is constituted. 

[0080] By the above-mentioned configuration, the induced current ILa at the time of the flow of the 1st switch 
1 1 is the time amount xa since it changes as shown in an above-mentioned formula (3) and an above-mentioned 
formula (4), until the energy accumulated to the induction component 12 at the time of the flow of the 1st 
switch 11 is emitted. Be shown in the following formulas (10). xa =TON-Vin/(Vout-Vin) - (10) 
It becomes. Therefore, electrical-potential-difference integral control circuit 23a is the above-mentioned time 
amount xa like the 5th operation gestalt. It computes and is time amount xa from the cutoff point in time of the 
1st switch 11. If a control circuit 21 will intercept the 2nd switch 15 by the time it passes, a reverse current will 
not flow for the induction component 12. Moreover, interrupting time TOFF of the 1st switch 11 The above- 
mentioned time amount xa Even if it controls a flow/cutoff of the 2nd switch 15 to become below, generating of 
a reverse current can be prevented. 

[0081] Consequently, like the 2nd operation gestalt, even when there are few output loads, conversion 
efficiency can be maintained, and switching power supply circuit 2a of a step-up mold maintainable to a high 
value (for example, 80% or more) can always be realized for conversion efficiency. Moreover, with this 
operation gestalt, the interrupting time of the 2nd switch 15 is determined like the 5th operation gestalt, without 
measuring the induced current ILa directly. Therefore, switching power supply circuit 2a still smaller and more 
efficient than the 2nd operation gestalt can be realized comparatively easily. 

[0082] [7th operation gestalt] When electrical-potential-difference integral control circuit 23b is prepared 
instead of the induction component current detector 22 in switching power supply circuit lb of the reversal 
mold shown in drawing 4 , switching power supply circuit 2b shown in drawing 8 is constituted again. 
[0083] By the above-mentioned configuration, the induced current ILb at the time of the flow of the 1st switch 
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11 is the time amount xb sinc^Tt changes as shown in an above-mentioned Tomiula (5) and an above-mentioned 
fomiula (6), until the energy accumulated to the induction component 12 at the time of the flow of the 1st 
switch 11 is emitted. Be shown in the following fomiulas (1 1). xb =TON-Vin/(-Vout) - (11) 
It becomes. Therefore, electrical-potential-difference integral control circuit 23b is the above-mentioned time 
amount xb like the 5th operation gestalt. It computes and is time amount xb from the cutoff point in time of the 
1st switch 11. If a control circuit 21 will intercept the 2nd switch 15 by the time it passes, a reverse current will 
not flow for the induction component 12. Moreover, interrupting time TOFF of the 1st switch 11 The above- 
mentioned time amount xb Even if it controls a flow/cutoff of the 2nd switch 15 to become below, generating of 
a reverse current can be prevented. Consequently, like the 3rd operation gestalt, even when there are few output 
loads, conversion efficiency can be maintained, and switching power supply circuit 2b of a reversal mold 
maintainable to a high value (80% or more) can always be realized for conversion efficiency. Moreover, with 
this operation gestalt, since the interrupting time of the 2nd switch 15 is determined like the 5th operation 
gestalt, without measuring the induced current ILb directly, switching power supply circuit 2b still smaller and 
more efficient than the 3rd operation gestalt can be realized comparatively easily. 
[0084] [8th operation gestalt] Further, when electrical-potential-difference integral control circuit 23c is 
prepared instead of the induction component current detector 22 in switching power supply circuit Ic of the up- 
and-down mold shown in drawing 5 , switching power supply circuit 2c shown in drawing 9 is constituted. 
[0085] By the above-mentioned configuration, the induced current ILc at the time of the flow of the 1st switch 
1 1 is the time amount xc since it changes as shown in an above-mentioned formula (7) and an above-mentioned 
formula (8), until the energy accumulated to the induction component 12 at the time of the flow of the 1st 
switch 11 is emitted. Be shown in the following formulas (12). xc =TON- VinA^out - (12) 
It becomes. Therefore, electrical -potential-difference integral control circuit 23c is the above-mentioned time 
amount xc like the 5th operation gestalt. It computes and is time amount xc from the cutoff point in time of the 
1st switch 1 1. If a control circuit 21 will intercept the 2nd switch 15 by the time it passes, a reverse current will 
not flow for the induction component 12. Moreover, interrupting time TOFF of the 1st switch 1 1 The above- 
mentioned time amount xc Even if it controls a flow/cutoff of the 2nd switch 15 to become below, generating of 
a reverse current can be prevented. 

[0086] Consequently, like the 4th operation gestalt, even when there are few output loads, conversion efficiency 
can be maintained, and switching power supply circuit 2c of an up-and-down mold maintainable to a high value 
(for example, 80% or more) can always be realized for conversion efficiency. Moreover, with this operation 
gestalt, since the interrupting time of the 2nd switch 15 is determined like the 5th operation gestalt, without 
measuring the induced current Hx directly, switching power supply circuit 2b still smaller and more efficient 
than the 4th operation gestalt can be realized comparatively easily. 

[0087] A digital circuit may realize and [the 9th operation gestalt] and the electrical-potential-difference integral 
control circuit 23 which starts the above 5th thru/or the 8th operation gestalt in time may be realized using an 
analog circuit. Moreover, above-mentioned operation expression (9) thru/or an above-mentioned formula (12) 
can be simplified, and the time of a reverse current beginning to flow can also be guessed based on I/O 
electrical-potential-difference Vin-Vout at a certain time. 

[0088] However, if it reaUzes in a digital circuit in the case of above-mentioned operation expression (9) thru/or 
a formula (12), a circuit scale and power consumption tend to increase compared with the case of an analog 
circuit. On the other hand, when it guesses using an approximate expression since the conversion efficiency of a 
switching power supply circuit will fall, if it has shifted from the time of the time of a reverse current actually 
beginning to flow guessing as mentioned above, it is difficult to improve the conversion efficiency of a 
switching power supply circuit. 

[0089] Below, the case where the integrator of an analog is used is explained as a suitable example of a 
configuration of the electrical-potential-difference integral control circuit 23. The switching power supply 
circuit 3 concerning this operation gestalt specifically As it is the circuit of a step-down mold and is shown in 
drawing 10 , the electrical-potential-difference integral control circuit 23 Input voltage Vin and output voltage 
Vout are detected. Both the electrical potential differences Vin and Vout as it is Or it is the induced current IL 
by transforming into a current the electrical potential difference which carried out addition-and-subtraction 
processing. The electrical-potential-difference current conversion circuit 31 which generates the current 
according to Variation dIL / dt (electrical-potential-difference current transducer). The current potential 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran„web_cgi_ejje 



6/9/2005 



JP,11-235022,A PETAILED DESCRIPTION] 



Page 13 of 20 



conversion capacitor 32 which accumulates the output current of the electrical-potential-difference current 
conversion circuit 31, and is changed into an electrical potential difference, It has the power source 34 which 
generates the above-mentioned reference voltage Vrefl, and is inputted into a comparator 33 as the comparator 
[the reference voltage Vrefl of a predetermined value / output voltage / Vc / of the current potential conversion 
capacitor (are recording capacitor) 32 ] (control section) 33. In addition, since the residual configuration is the 
same as that of drawing 6 , it gives the same reference mark to the member which has the same function, and 
omits explanation. 

[0090] While the 1st switch 11 has flowed, the above-mentioned electrical-potential-difference current 
conversion circuit 31 generates the current proportional to Vin-Vout based on input voltage Vin and output 
voltage Vout, and slushes it into the above-mentioned current potential conversion capacitor 32. On the other 
hand, while the 1st switch 11 is intercepted, the electrical-potential-difference current conversion circuit 31 
draws out the current proportional to output voltage Vout from the above-mentioned current potential 
conversion capacitor 32. In addition, the proportionality constant of a current generate time is common to an 
"on" period and a cutoff period. 

[0091] Thereby, it is forward current IL to which the both-ends electrical potential difference Vc of the current 
potential conversion capacitor 32 flows for the induction component 12 as shown in drawing 1 1 . It changes 
proportionally. Therefore, the time of a reverse current beginning to flow for the induction component 12 is 
correctly detectable as a time of the both-ends electrical potential difference Vc being set to OV. Consequently, 
if cutoff of the 2nd switch 15 is directed to a control circuit 21 before a comparator 33 compares the both-ends 
electrical potential difference Vc with reference voltage Vrefl and the both-ends electrical potential difference 
Vc is set to 0 [V], before a reverse current flows for the induction component 12, the 2nd switch 15 can be 
intercepted. Therefore, even if it is at the time with few output loads, a reverse current does not flow for the 
induction component 12, and the switching power supply circuit 3 of a step-down mold maintainable to a high 
value (for example, 80% or more) can always be realized for conversion efficiency. 

[0092] [10th operation gestalt] This operation gestalt explains the case where electrical -potential-difference 
integral control circuit 23a is constituted, with reference to drawing 1212 using the integrator of an analog in 
switching power supply circuit 3a of the same step-up mold as drawing 7 . 

[0093] Although electrical-potential-difference integral control circuit 23a concerning this operation gestalt is 
the same as that of the electrical-potential-difference integral control circuit 23 shown in drawing 10 , and 
abbreviation, it replaces with the electrical-potential-difference current conversion circuit 31, and electrical- 
potential-difference current conversion circuit 31a for computing the induced current ILa is prepared. While the 
1st switch 11 has flowed, the above-mentioned electrical-potential-difference current conversion circuit 31a 
generates the current proportional to input voltage Vin, and, specifically, slushes it into the above-mentioned 
current potential conversion capacitor 32. On the other hand, while the 1st switch 11 is intercepted, electrical- 
potential-difference current conversion circuit 31a draws out the current proportional to Vout- Vin from the 
above-mentioned current potential conversion capacitor 32 based on input voltage Vin and output voltage Vout. 
In addition, the proportionality constant of a current generate time is common to an "on" period and a cutoff 
period. 

[0094] Thereby, as shown in drawing 13 , it is the both-ends electrical potential difference Vca of the current 
potential conversion capacitor 32. It changes in proportion to the forward current ILa which flows for the 
induction component 12, Therefore, it is the both-ends electrical potential difference Vca about the time of a 
reverse current beginning to flow for the induction component 12. It is correctly detectable as a time of being 
set to OV. Consequently, a comparator 33 is the both-ends electrical potential difference Vca. Reference voltage 
Vrefl is compared and it is the both-ends electrical potential difference Vca. If cutoff of the 2nd switch 15 is 
directed to a control circuit 21 before being set to 0 [V], before a reverse current flows for the induction 
component 12, the 2nd switch 15 can be intercepted. Therefore, even if it is at the time with few output loads, a 
reverse current does not flow for the induction component 12, and switching power supply circuit 3a of a step- 
down mold maintainable to a high value (for example, 80% or more) can always be realized for conversion 
efficiency. 

[0095] [1 1th operation gestalt] With this operation gestalt, the case where electrical-potential-difference integral 
control circuit 23b is constituted is explained again using the integrator of an analog in switching power supply 
circuit 3b of the same reversal mold as drawing 8 , referring to drawing 14 . 
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[0096] Although eIectrical-po!ential-difference integral control circuit 23b concerning this operation gestalt is 
the same as that of the electrical-potential-difference integral control circuit 23 shown in drawing 10 , and 
abbreviation, it replaces with the electrical -potential-difference current conversion circuit 31, and electrical- 
potential-difference current conversion circuit 31b for computing the induced current ILb is prepared. While the 
1st switch 11 has flowed, the above-mentioned electrical -potential-difference current conversion circuit 31b 
generates the current proportional to input voltage Vin, and, specifically, slushes it into the above-mentioned 
current potential conversion capacitor 32. On the other hand, while the 1st switch 11 is intercepted, electrical- 
potential-difference current conversion circuit 31b draws out the current proportional to -Vo from the above- 
mentioned current potential conversion capacitor 32 based on output voltage Vout. In addition, the 
proportionality constant of a current generate time is conunon to an "on" period and a cutoff period. 
[0097] Thereby, as shown in drawing 15 , it is the both-ends electrical potential difference Vcb of the current 
potential conversion capacitor 32. It changes in proportion to the forward current ILb which flows for the 
induction component 12. Therefore, it is the both-ends electrical potential difference Vcb about the time of a 
reverse current beginning to flow for the induction component 12. It is correctly detectable as a time of being 
set to OV. Consequently, a comparator 33 is the both-ends electrical potential difference Vcb. Reference voltage 
Vref 1 is compared and it is the both-ends electrical potential difference Vcb. If cutoff of the 2nd switch 15 is 
directed to a control circuit 21 before being set to 0 [V], before a reverse current flows for the induction 
component 12, the 2nd switch 15 can be intercepted. Therefore, even if it is at the time with few output loads, a 
reverse current does not flow for the induction component 12, and switching power supply circuit 3b of a 
reversal mold maintainable to a high value (for example, 80% or more) can always be realized for conversion 
efficiency. 

[0098] [12th operation gestalt] With this operation gestalt, the case where electrical-potential-difference integral 
control circuit 23c is constituted is further explained using the integrator of an analog in switching power supply 
circuit 3c of the same up-and-down mold as drawing 9 , referring to drawing 16 . 

[0099] Although electrical-potential-difference integral control circuit 23c concerning this operation gestalt is 
the same as that of the electrical-potential-difference integral control circuit 23 shown in drawing 10 , and 
abbreviation, it replaces with the electrical-potential-difference current conversion circuit 31, and electrical- 
potential-difference current conversion circuit 31c for computing the induced current ILc is prepared. While the 
1st switch 11 has flowed, the above-mentioned electrical-potential-difference current conversion circuit 31c 
generates the current proportional to Vin based on input voltage Vin, and, specifically, slushes it into the above- 
mentioned current potential conversion capacitor 32. On the other hand, while the 1st switch 11 is intercepted, 
electrical-potential-difference current conversion circuit 31c draws out the current proportional to Vo from the 
above-mentioned current potential conversion capacitor 32 based on output voltage Vout. In addition, the 
proportionality constant of a current generate time is common to an "on" period and a cutoff period. 
[0100] Thereby, as shown in drawing 17 , it is the both-ends electrical potential difference Vcc of the current 
potential conversion capacitor 32. It changes in proportion to the forward current ILc which flows for the 
induction component 12. Therefore, it is the both-ends electrical potential difference Vcc about the time of a 
reverse current beginning to flow for the induction component 12, It is correctly detectable as a time of being 
set to OV. Consequently, a comparator 33 is the both-ends electrical potential difference Vcc. Reference voltage 
Vrefl is compared and it is the both-ends electrical potential difference Vcc. If cutoff of the 2nd switch 15 is 
directed to a control circuit 21 before being set to 0 [V], before a reverse current flows for the induction 
component 12, the 2nd switch 15 can be intercepted. Therefore, even if it is at the time with few output loads, a 
reverse current does not flow for the induction component 12, and switching power supply circuit 3c of a high 
up-and-down mold maintainable to a high value (for example, 80% or more) can always be realized for 
conversion efficiency. 

[0101] In time, the above 5th thru/or each 12th operation gestalt do not carry out direct detection of the current 
which flows for the induction component 12 to [the 13th operation gestalt], but since the time of a reverse 
current beginning to flow for the induction component 12 based on input voltage Vin and output voltage Vout is 
detected, it is easy to integrate in IC (Integrated Circuit) etc. With this operation gestalt, accumulation explains 
further the example of a configuration of an easy switching power supply circuit to a detail, referring to drawing 
18 . In addition, although switching power supply circuit 4c of the same up-and-down mold as the 12th 
operation gestalt is made into an example and explained below, accumulation can realize an easy circuit 
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similarly with other operation gestalten. 

[0102] That is, the 1st switch 1 1 consists of MOS transistors Nl of an N channel, and the 2nd switch 15 is 
constituted from this operation gestalt by MOS transistor PI of a P channel. Moreover, an impedance 
component 17 is formed with the induction component LI. 

[0103] On the other hand, control circuit 21c concerning this operation gestalt is equipped with the resistance 
41-42 which pressures output voltage Vout partially, the power source 43 which generates the reference voltage 
Vref2 of a predetermined value, and the comparator 44 for error detection with which the electrical potential 
difference Vadj of the node of both the above-mentioned resistance 41-42 was impressed to the plus input 
terminal, and the above-mentioned reference voltage Vref2 was impressed to the negative input terminal. 
Furthermore, the comparator 47 for PWM (Pulse Width Modulation) which makes a plus input the triangular 
wave generator 45 which generates the triangular wave of a predetermined period, the power source 46 which 
generates the standard pressure Vref3 of a predetermined value, and the output and the above-mentioned 
reference voltage Vref3 of the above-mentioned comparator 44, and considers the triangular wave from the 
above-mentioned triangular wave generator 45 as a negative input is formed in control circuit 21c. The output 
of the comparator 47 concerned is impressed to the gate of MOS transistor PI through 2 input NAND circuit 49 
while it is impressed to the gate of above-mentioned MOS transistor Nl through an inverter 48. 
[0104] In the above-mentioned configuration, the partial pressure of the output voltage Vout is carried out by 
resistance 41-42, and it is impressed to the comparator 44 for error detection as a feedback electrical potential 
difference Vadj. The comparator 44 concerned compares reference voltage Vref2 with the feedback electrical 
potential difference Vadj, and outputs the electrical potential difference according to both error. On the other 
hand, the comparator 47 for PWM compares the electrical potential difference of the higher one with the 
triangular wave generated by the triangular wave generator 45 among the output voltage of the above- 
mentioned comparator 44, and reference voltage Vref3, and generates a pulse signal. Here, when the feedback 
electrical potential difference Vadj is larger than reference voltage Vref2, the output of a comparator 44 changes 
in the direction in which pulse width decreases, and when the feedback electrical potential difference Vadj is 
smaller, it is set up so that it may change in the direction which pulse width increases. Therefore, the pulse 
width of the above-mentioned pulse signal is controlled so that the feedback electrical potential difference Vadj 
and reference voltage Vref2 are in agreement. 

[0105] The above-mentioned pulse signal is impressed at the gate of MOS transistor Nl of an N channel, after it 
is reversed with an inverter 48. Moreover, the pulse signal concerned is impressed at the gate of MOS transistor 
PI of a P channel, after it is reversed in NAND circuit 49, while cutoff of the 2nd switch 15 was not directed 
from electrical-potential-difference integral control circuit 23c. Therefore, the 2nd switch 15 is intercepted at 
the time of the flow of the 1st switch 11, and at the time of cutoff of the 1st switch 1 1, it is controlled so that the 
2nd switch 15 flows. Consequentiy, ON/OFF of both the switches 11-15 are controlled so that output voltage 
Vout becomes the desired value Vcon. 

[0106] Between above-mentioned NAND circuit 49 and MOS transistor PI, PURIBAFFA which is not 
illustrated is prepared in the list between the above-mentioned inverter 48 and MOS transistor Nl, respectively, 
the direction at the time of ON is longer than the time of OFF, and the time delay of each PURIBAFFA is set 
up. Thereby, both MOS transistors Nl and one side of PI are controlled not to flow after another side intercepts 
until the predetermined dead time Tdet passes. 

[0107] Moreover, when the output voltage of a comparator is lower than reference voltage Vref3, a comparator 
47 compares reference voltage Vref3 with a triangular wave, and generates a pulse signal. Therefore, the 
maximum of pulse width is restricted, even if the time of starting of switching power supply circuit 4c etc. is the 
case that output voltage Vout is very low, the "on" period of the 1st switch 1 1 is restricted and damage on the 
1st switch 1 1 can be prevented. 

[0108] In addition, ZURA ****** j^^y ^ot restrict both MOS transistors Nl and the switch timing of PI to the 
above-mentioned configuration, and the timing control section 50 may be prepared and controlled between the 
above-mentioned inverter 48 and NAND circuit 49, and both MOS transistors Nl and PI to be shown in 
drawing 19 . In the timing control section 50 concerned, the output of an inverter 48 is impressed to the gate of 
above-mentioned MOS transistor Nl through AND-circuit50a and buffer 50b. Similarly, the output of NAND 
circuit 49 is impressed to the gate of above-mentioned MOS transistor PI through OR circuit50c and buffer 
50d, Moreover, the output of the above-mentioned buffer 50b is inputted into the above-mentioned OR circuit 
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50c, and a buffer 50d output is inputted into the above-mentioned AND-circuit 50a. 
[0109] With the configuration concerned, AND-circuit 50a maintained the output at a low level, and has 
prevented the flow of MOS transistor Nl until buffer 50d directs cutoff of MOS transistor PI, even if the flow 
of MOS transistor Nl is directed from an inverter 48, And after buffer 50d directs cutoff, the output of AND- 
circuit 50a becomes high-level, and is impressed to the gate of MOS transistor Nl through buffer 50b. 
Therefore, the flow timing of MOS transistor Nl is set up by the time delay of AND-circuit50a and buffer 50b 
later than the cutoff timing of MOS transistor PI. 

[01 10] Similarly, OR circuit 50c kept the output high-level, and has prevented the flow of MOS transistor PI 
until buffer 50b directs cutoff of MOS transistor Nl, even if the flow of MOS transistor PI is directed from 
NAND circuit 49. Consequently, the flow timing of MOS transistor PI is set up later than the cutoff timing of 
MOS transistor Nl. 

[01 11] On the other hand, as shown in drawing 18 , electrical-potential-difference current conversion circuit 31c 
concerning this operation gestalt Since the current proportional to input voltage Vin is outputted at the time of 
the flow of the 1st switch 11 The resistance 51-52 which pressures input voltage Vin partially, and the amplifier 
53 by which the node of both resistance 51-52 was connected to the plus input terminal, The transistor 55 of the 
NPN mold with which the base was connected to the output of amplifier 53, and the emitter was grounded 
through resistance 54, When the signal SON which shows the flow of the 1st switch 1 1 is received from above- 
mentioned control circuit 21c, it has current Miller circuit 56 with a switch which turns up and outputs the 
collector current of the transistor 55 concerned, and the current of the same value. Moreover, negative feedback 
of the node of the above-mentioned transistor 55 and resistance 54 is carried out to the negative input terminal 
of amplifier 53, and amplifier 53 can control the base electrical potential difference of a transistor 55 so that the 
both-ends electrical potential difference of the above-mentioned resistance 54 tums into an electrical potential 
difference of the node of the above-mentioned resistance 51-52. In addition, the above-mentioned amplifier 53 
corresponds to the 1st amplifier circuit given in a claim, and above-mentioned current Miller circuit 56 is 
equivalent to the 1st current Miller circuit. 

[0112] In the above-mentioned configuration, the electrical potential difference which pressured input voltage 
Vin partially by resistance 51-52, and was generated is transformed into the current which flows to resistance 54 
by amplifier 53. The current concerned is turned up by current Miller circuit 56 when the above-mentioned 
signal SON shows the flow. Thereby, electrical-potential-difference current conversion circuit 31c can output 
the current proportional to input voltage Vin to the current potential conversion capacitor 32, while the 1st 
switch 11 has flowed. In addition, when Signal SON does not show the flow, current Miller circuit 56 is 
carrying out a halt of operation. Therefore, only the output current of current Miller circuit 67 mentioned later is 
drawn from the current potential conversion capacitor 32. 

[0113] Moreover, electrical-potential-difference current conversion circuit 31c concerning this operation gestalt 
Since the current proportional to output voltage Vout is outputted at the time of cutoff of the 1st switch 11 The 
resistance 61-62 which pressures output voltage Vout partially, and the amplifier 63 by which the node of both 
resistance 61-62 was connected to the plus input terminal, The transistor 65 of the NPN mold with which the 
base was connected to the output of amplifier 63, and the emitter was grounded through resistance 64, Signal 
SOFF which shows cutoff of the 1st switch 1 1 from above-mentioned control circuit 21c Current Miller circuit 
66 with a switch which tums up and outputs the collector current of the transistor 65 concerned, and the current 
of the same value when it receives. It has current Miller circuit 67 which tums up again the output current of 
current Miller circuit 66 concerned. Moreover, negative feedback of the node of the above-mentioned transistor 
65 and resistance 64 is carried out to the negative input terminal of amplifier 63, and amplifier 63 can control 
the base electrical potential difference of a transistor 65 so that the both-ends electrical potential difference of 
the above-mentioned resistance 64 tums into an electrical potential difference of the node of the above- 
mentioned resistance 51-62. In addition, the above-mentioned amplifier 63 corresponds to the 2nd amplifier 
circuit given in a claim, and current Miller circuits 66 and 67 are equivalent to the 2nd current Miller circuit. 
[0114] In the above-mentioned configuration, the electrical potential difference which pressured output voltage 
Vout partially by resistance 61-62, and was generated is transformed into the current which flows to resistance 
64 by amplifier 63. The current concerned is the above-mentioned signal SOFF. When cutoff is shown, it is 
turned up by current Miller circuit 66 and is further turned up by current Miller circuit 67 in the direction of 
[ from the current potential conversion capacitor 32 ] electrical-potential-difference current conversion circuit 
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31c. Thereby, electrical-potentral-difference current conversion circuit 31c can draw the current which carried 
out proportionally [ output voltage Vout ] from the current potential conversion capacitor 32, while the 1st 
switch 1 1 has flowed. In addition, the above-mentioned signal SOFF When the flow is shown, above-mentioned 
current Miller circuit 66 does not operate. Therefore, only the output current of above-mentioned current Miller 
circuit 56 is supplied to the current potential conversion capacitor 32. 

[0115] Thereby, while the 1st switch 11 has flowed, electrical-potential-difference current conversion circuit 
31c supplies the current proportional to input voltage Vin, and can accumulate a charge in the current potential 
conversion capacitor 32. On the other hand, while the 1st switch 11 is intercepted, electrical -potential-difference 
current conversion circuit 31c draws out the current proportional to output voltage Vout, and can emit the 
charge of the current potential conversion capacitor 32. Consequently, both-ends electrical potential difference 
Vcc of the current potential conversion capacitor 32 It changes in proportion to the induced current ILc. 
[0116] Furthermore, a comparator 33 is the both-ends electrical potential difference Vcc. When less than the 
reference voltage Vref 1 of a predetermined value, the induced current ILc approaches 0, judges with it flowing 
to hard flow, and reduces the electrical potential difference outputted to NAND circuit 49. Consequently, in 
control circuit 21c, NAND circuit 49 always impresses a high-level output to the gate of MOS transistor PI of a 
P channel irrespective of the output of a comparator 47. Thereby, the induced current ILc can judge a time 
correctly the bottom to hard flow to be a method of flow, and electrical-potential-difference integral control 
circuit 23c can make control circuit 21c intercept the 2nd switch 15. 

[0117] Here, control circuit 21c of the above-mentioned configuration and electrical-potential-difference 
integral control circuit 23c are constituted in the circuit where accumulation, such as amplifier, and resistance, a 
transistor, is easy. Therefore, when control circuit 21c and electrical-potential-difference integral control circuit 
23c are accumulated as an IC, highly precise and efficient switching power supply circuit 4c can only consist of 
carrying out external [ of the 1st switch 11, the induction component 12, a smoothing capacitor 13, the 
commutation diode 14, the 2nd switch 15, a capacitor 16, and the impedance component 17 ] to the IC 
concerned. The above-mentioned control circuit 21c includes the circuit where it operates on high frequencies, 
such as a comparator 44, the triangular wave generator 45, etc. for error detection, and a high precision is 
demanded. On the other hand, if the operation precision of electrical-potential-difference current conversion 
circuit 31c is low, since the induced current ILc cannot be computed correctly but the timing of a flow/cutoff of 
the 2nd switch 15 will shift in electrical-potential-difference integral control circuit 23c, the effectiveness of 
switching power supply circuit 4c falls. Therefore, if control circuit 21c and the electrical-potential-difference 
integral control circuit 23 are accumulated, since each operation precision can be improved easily, highly 
precise and efficient switching power supply circuit 4c is realizable. In addition, components mark are further 
reducible by accumulating the 1st switch 11, the commutation diode 14, and the 2nd switch 15. Moreover, if the 
division ratio of both resistance 41-42 is changed even if the value of reference voltage Vref2 is fixed, the 
desired value Vcon of output voltage Vout can be changed. Therefore, when external [ of both the resistance 41- 
42 ] is carried out, the above-mentioned integrated circuit can be shared between the switching power supply 
circuits which have different desired value Vout. 
[0118] 

[Effect of the Invention] The induction component to which the synchronous detection circuit conceming 
invention of claim 1 accumulates energy as mentioned above at the time of the flow of the 1st switch. In the 
synchronous detection circuit of the step-down mold which has the rectifying device which maintains the 
current which flows for the above-mentioned induction component at the time of cutoff of the 1st switch, and 
the 2nd switch connected to the rectifying device at juxtaposition It is a configuration equipped with an 
induction component current detection means to supervise the 1st current which flows for the above-mentioned 
induction component, and the 1st control means which intercepts the 2nd switch of the above based on 
directions of the above-mentioned induction component current detection means. 
[0119] With the above-mentioned configuration, the induction component current detection means is 
supervising the 1st current, and the 1st control means intercepts the 2nd switch, when the 1st current tends to 
approach 0 and it is going to reverse it according to directions of an induction component current detection 
means. Thereby, even if it is at the light load time, the current of hard flow does not flow for an induction 
component, but high conversion efficiency can be maintained for it. Consequently, the effectiveness that the 
synchronous detection circuit of a step-down mold with always high conversion efficiency is realizable is done 
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so. 

[0120] The synchronous detection circuit concerning invention of claim 2 is a configuration equipped with an 
induction component current detection means to supervise the 1st current which flows for an induction 
component in the synchronous detection circuit of a step-up mold as mentioned above, and the 1st control 
means which intercepts the 2nd switch of the above based on directions of the above-mentioned induction 
component current detection means. 

[0121] So, like claim 1, even if it is at the light load time, the current of hard flow does not flow for an 
induction component, but high conversion efficiency can be maintained for it. Consequently, the effectiveness 
that the synchronous detection circuit of the high step-up mold of conversion efficiency is always realizable is 
done so. 

[0122] The synchronous detection circuit conceming invention of claim 3 is a configuration equipped with an 
induction component current detection means to supervise the 1st current which flows for an induction 
component in the synchronous detection circuit of a reversal mold as mentioned above, and the 1st control 
means which intercepts the 2nd switch of the above based on directions of the above-mentioned induction 
component current detection means. 

[0123] So, like claim 1, even if it is at the light load time, the current of hard flow does not flow for an 
induction component, but high conversion efficiency can be maintained for it. Consequently, the effectiveness 
that the synchronous detection circuit of the high reversal mold of conversion efficiency is always realizable is 
done so. 

[0124] The synchronous detection circuit conceming invention of claim 4 is a configuration equipped with the 
induction component for a short circuit or the resistance for a short circuit by which the end was connected as 
mentioned above in the configuration of invention according to claim 2 or 3 between the node of the 1st switch 
of the above, and an induction component, the capacitor formed between the above-mentioned rectifying 
devices, and a capacitor and a rectifying device concerned. 

[0125] With the above-mentioned configuration, the energy accumulated in the induction component is 
outputted through a capacitor at the time of the flow of the 1st switch. So, as a result, the effectiveness that the 
synchronous detection circuit of the high up-and-down mold of conversion efficiency is always realizable is 
done. 

[0126] The synchronous detection circuit conceming invention of claim 5 is a configuration equipped with the 
2nd control means which replaces with an induction component current detection means and the 1st control 
means, presumes the 1st current of the above in the synchronous detection circuit of the above-mentioned step- 
down mold as mentioned above based on the above-mentioned input terminal electrical potential difference and 
an output terminal electrical potential difference, and controls the 2nd switch of the above. 
[0127] With the above-mentioned configuration, the 2nd control means presumes the 1st current of the above 
based on an input terminal electrical potential difference and an output terminal electrical potential difference 
instead of supervising the 1st current directly using an induction component current detection means. Therefore, 
it has the same effectiveness as claim 1 which can operate as a switching power supply circuit of a step-down 
mold, and the effectiveness that a smaller and efficient synchronous detection circuit is realizable is done so. 
[0128] The synchronous detection circuit conceming invention of claim 6 is a configuration equipped with the 
2nd control means which replaces with an induction component current detection means and the 1st control 
means, presumes the 1st current of the above in the synchronous detection circuit of the above-mentioned step- 
up mold as mentioned above based on the above-mentioned input terminal electrical potential difference and an 
output terminal electrical potential difference, and controls the 2nd switch of the above. 
[0129] With the above-mentioned configuration, the 2nd control means presumes the 1st current of the above 
based on an input terminal electrical potential difference and an output terminal electrical potential difference 
instead of supervising the 1st current directly using an induction component current detection means. Therefore, 
it has the same effectiveness as claim 2 which can operate as a switching power supply circuit of a step-up 
mold, and the effectiveness that a smaller and efficient synchronous detection circuit is realizable is done so. 
[0130] The synchronous detection circuit conceming invention of claim 7 is a configuration equipped with the 
2nd control means which replaces with an induction component current detection means and the 1st control 
means, presumes the 1st current of the above in the synchronous detection circuit of the above-mentioned 
reversal mold as mentioned above based on the above-mentioned input terminal electrical potential difference 
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and an output terminal electrical potential difference, and controls the 2nd switch of the above. 
[0131] With the above-mentioned configuration, the 2nd control means presumes the 1st current of the above 
based on an input terminal electrical potential difference and an output terminal electrical potential difference 
instead of supervising the 1st current directly using an induction component current detection means. Therefore, 
it has the same effectiveness as claim 3 which can operate as a switching power supply circuit of a reversal 
mold, and the effectiveness that a smaller and efficient synchronous detection circuit is realizable is done so. 
[0132] The synchronous detection circuit concerning invention of claim 8 is a configuration equipped with the 
induction component for a short circuit or the resistance for a short circuit by which the end was connected as 
mentioned above in the configuration of invention according to claim 6 or 7 between the node of the 1st switch 
of the above, and an induction component, the capacitor formed between the above-mentioned rectifying 
devices, and a capacitor and a rectifying device concerned. 

[0133] With the configuration concerned, the energy accumulated in the induction component is outputted 
through a capacitor at the time of the flow of the 1st switch. Therefore, it has the same effectiveness as claim 4 
which can operate as a switching power supply circuit of fluctuated type **, and the effectiveness that a smaller 
and efficient synchronous detection circuit is realizable is done so. 

[0134] The synchronous detection circuit conceming invention of claim 9 is set as mentioned above in the 
configuration of invention according to claim 5, 6, 7, or 8. The above-mentioned control means The electrical- 
potential-difference current transducer which generates the current according to the amount of fluctuation of the 
1st current of the above based on whether the above-mentioned input terminal electrical potential difference, an 
output terminal electrical potential difference, and the 1st switch of the above have flowed. It is a configuration 
equipped with the control section which controls the 2nd switch of the above to the output of the electrical- 
potential-difference current transducer concerned based on the electrical potential difference of the 1st edge of 
the are recording capacitor to which the 1st edge was connected, and the are recording capacitor concerned. 
[0135] With the above-mentioned configuration, since the amount of fluctuation of the 1st current concerned 
computed based on the input/output terminal electrical potential difference is integrated with and computed, the 
1st current can be presumed very with high precision. Consequently, it can prevent certainly that a reverse 
current flows for an induction component, and the effectiveness that the conversion efficiency of a synchronous 
detection circuit can be improved further is done so. 

[0136] In addition, since it is realizable in analog circuits, such as amplifier, the above-mentioned current 
potential transducer and a control section are easy to integrate, and can reduce power consumption and circuit 
scales compared with the case where it realizes in a digital circuit. Consequently, the effectiveness that small 
and the synchronous detection circuit of a low power are realizable is collectively done so. 
[0137] The synchronous detection circuit conceming invention of claim 10 is set in the configuration of 
invention according to claim 9 as mentioned above. The above-mentioned electrical-potential-difference current 
transducer The 1st amplifier circuit which generates the current which was based at least on one side among the 
above-mentioned input terminal electrical potential difference and the output terminal electrical potential 
difference, and is proportional to the amount of fluctuation of the 1st current of the above at the time of the flow 
of the 1st switch, The 1st current Miller circuit which slushes the output current of the above-mentioned 1st 
amplifier circuit, and the same quantity of a current into the 1st edge of the above-mentioned are recording 
capacitor only at the time of the flow of the 1st switch of the above. The 2nd amplifier circuit which generates 
the current which was based at least on one side among the above-mentioned input terminal electrical potential 
difference and the output terminal electrical potential difference, and is proportional to the amount of 
fluctuation of the 1st current of the above at the time of cutoff of the 1st switch. It is the configuration equipped 
with the 2nd current Miller circuit which draws out the output current of the above-mentioned 2nd amplifier 
circuit, and the same quantity of a current from the 1st edge of the above-mentioned are recording capacitor 
only at the time of cutoff of the 1st switch of the above. 

[0138] With the above-mentioned configuration, at the time of the flow of the 1st switch, the 1st amplifier 
circuit and the 1st current Miller circuit operate, and a charge is accumulated in the 1st edge of the above- 
mentioned are recording capacitor. On the other hand, at the time of cutoff of the 1st switch, the 2nd amplifier 
circuit and the 2nd current Miller circuit operate, and a charge is emitted from the 1st edge of the above- 
mentioned are recording capacitor. So, an electrical-potential-difference current conversion circuit does the 
effectiveness that the current according to the amount of fluctuation of the 1st current of the above is generable 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



6/9/2005 



JP.l 1-235022,A [DETAILED DESCRIPTION] Page 20 of 20 

in a high precision, in the botl^ides of the flow of the 1st switch, and the time of cutoff. 
[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible £or any 
damages caused lory the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[0 0 2 1] ±f3^^^c:43v^T 4). w«iH 1 iDm^tm 

1). ^l©ffiiJW#®tt. ^l«IStf0t5ffi-cJt, iS*|Eb 

idfcbTv^sa^s ^ij^'f ^'5=-*^siabTv^sA»s 
x-$>^xi>. mmm^i^it. ia»*iRi©««EiJSiEn*v%. 

[0 0 2 2] »5RIi3©%B^tc:^5|5l»^SmiI 

t<Dmi^-i&ifi^m^titzm^$^'Pt. . ±i3SS5^^ 
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[00 23] jif&Rfigt xtiti. m 1 ;^'f f 5^®^ai^ 
[0 0 2 4] ±I3ff8fiBfc:43V^•r^)^ 1 C^fighPl 

4»fcj6Ft)e.-rx ^2S:3SBf-r2.o cine J: efl?^ 

[0 0 2 5] in^LTx ff^4£D^B^{c:«SI^MSlSIel 20 
- .Kli> W^2*fcB:3i3«©^R§©«fiEt43V'.T> ± 

[0026] tts ^ 1 >^'r s'^O^IIilRFK:^ 

[00 2 7] ±i3eifiK{c*i<'-»T 4»x 1 0«Sfi£i:l^ 

t)s ^ 1 ©SiJ2?#@B:> ^lajiEA^Otcffi^&s 

SSiEBK^^ST-tS. 40 

[0 0 2 8] n:m5(D9&mi^m^m9amim^ 
jijtgE^^n, ±ia^ 1 ^y^(Dmmmmtmi3i 

±13^1 SSS;feJi^U ±13^2 J^'f 5/5=- SSKW-r 50 
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[0 0 2 9] ±i3«fig-r-a:s mm$^^mwj^tii^m^m 

A*^S?SEi:^^i*^^^®Ei:fc»■:5V^T±l3Sl 
tJ;oTx «lS«E*tftiB1-«S^i:ttS«:»)x SEES 

[0 0 3 0] Sfe. tf^SC^BJC^SISlRBSJSDSS 

v^Ts ±f3A*iS?«Ei:tii*ig?^Sffi^;{c:S-:3v^T^ 

[003 1] ±f3«J5^■C•H:^ gfJi^ 5 ®%H^{C^5IrI^ 
ai^»^?^«ffii:tS-:5v^t:±l3»iaSSSJS^UTV% . 

?) 'J^s-c•lii^^^o|5]^s^KilE&^&*^•r• t ?>o 

[0 0 3 2] ^fefc, if^70«B^{c:^i.|Bl^SSSI5I 

©raic^{te.*t, ±i3m;t7SS^ipe)Ai»SB?-N£D;eriRi© 
i:©pafc-Sgi«g^snfce§5*lR?fc^ ±I3S«SR?^ 

«;v^«t•5t3la1-5^2:^^• y^t.t:mt?>mmmm 
v^T, ±f3Sgissit^}t^u ±ism2x-( ^:>^^mm 

[0 0 3 3] ±g3«^-ea:. tt^SO^BBJc^SPBB 

mtim^mEEt fcs-:5v^T±I3^ 1 um^m^ tt v^ 

[0 0 3 4] Ad^Tx it*ia8 0^B^K:^5|5l^SS5[5I 
EStt. iS*S6*;E:tt7i3«©^B^©^fiK^C:feV^■r^ ± 
83^ 1 J^^'f y^*JJ:Zf|§^?Og?^i:. ±iaiS5SS 
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[0035] ^K«fiKT-tt. m 1 :^-f ^:/^<Dmmmtz. 

<fc 5 /J^MT-^^ajs^CDISWBSSSIlSSSIIS-e $ 
[0 0 3 6] t:i5-C-> ±f3^2cr)$iJ29I#l9!A5A:fc;*S? 

[0 0 3 71 fc^U ^l®lc^lSgliOlR]§*^Si|S-rs 
5&®Br-ri.^;iSi:4^-abTV%«:V'>«^a:^ 20 
[00.38] ff^9CD^IS(C^%lll^S$l!Egl 

Sg?SSi:_hi3M IJ^^" s/^i|S5lilbTV^5A»giP^;lc 

[00 3 9] -^ic, ^ 1 «SScD^l&Mtt> ^ 1 J^-f 5/ 

JE*^e.»tiiT-tS. if5RJS5CD«fi!4S«?!llCb-Cx Affl* 
faEfeVin> VoutfcU SzeiR?<0'J7'^i'>:^ 

y^A^^llabTV^SJ^t: (Vin-Vout) /Li: 

[00 4 0] ±l3«fi^{c*•v^T^ sEmiS^JSiaJtt, a 
fit. ^^t)*.s ^issscsc^sbt^^b-r?.. ^<Di^ 

[0 0 4 1] iD^T, ±f3mSSSffiieifegl5^SfJ«*a5ttx 
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mmM^^^X't^o 

[ 0 0 4 2 ] ^fc. if^js 1 0 <o^mi^0h^m^MmM 

ii>35: < i:*.-;5FfcS•:3v^T^ ^ l J^-f -y^^c^S®^ 
K:43(tS±g3^ 1 SSiECD^i&Slctfc^fiJbfcS^S^-r 

5^ 1 T^^TEimt. ±mm 1 ?/5^o3¥a«FK:o 

±IB^l7'>7THlf&CDm*SaEfcl^bS<0SSK*± 
IBSa^ >7^>itcD^ 1 iSSSP'siSbatr^ l<Dit}U>h 

l^i:::fe'ij-%±8B^ 1 sm<Z>Saii;SK:ik^b:&SSK%^ 

■rs^2 7'>7'i5issi:. ±M&mi:^'f ^y^<Dmimt(D 

[0043] ±iB^fi!t-ej±. ^ 1 ^'T yf^©#ai$ic 
tt. miT>yms&t. ^io*^>h^^-iiKi:** 

mt. m2<Dtii'>vs.^-m^i^ifim'^iyX. ±i3s 
«n>7*>-y-®^isgspi>»e.«?t*aai-r5. citxtcj; 

t<Dm^lz}s\^^x. ±f3^1S«E0^1&fiK:iEbfeS«S 
[0044] 

. .[^ggopscDjBJS] csg 1 (omsmmy ^f&m-n 

SODC/'DCn>>''5— ^t-$)-p-C^ m«^ SBEA*^ 

[0045] @ 1 fcx ±13;^-^ 

'.y5^>iJ^®ii5[lliSl{^li. A;^jJS?INi:Ui;t;iffi^OU 
Ti:OP^K:x ^l^-f ^yf=-l 1 i:^5S!^^l 2i:*^e,«; 

z>umm^ifm^^fix\^i, ±t'smm^=?-i2i:.mtj 

«g^OUTfc©^iggjSI±. 5Ftt:3>7*>1?-l 3<£^bT 
^flk^nt^Jt). ^i;^'f>.y5^1 1 tSlaJl^? 1 2 i:® 
ge^i^tts Sl^*? 1 2 OSi^^$iJ#^:5®Sfc^M$ 
nfcl£SiE^J^'f:t-K (Sm^?) 1 4?fe:frbTg!S!l^n 

[00 4 6] ±13;^ 1' y5^>i^«asiiss 1 ttx ±i3W;^ 
-fyf^l 1 • 1 5©3ita/^»i;&$iJffli-r-5=i>bD-;i/ 
iHigs (^liiJ;V®2$iM*©) 2 1*(iil-C*D. P 
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I4> tiJ:t;ig^OUTCDib:tr«£EVout-£M:KUTs S 
Kiti*SEVout4s-^lc«i5J:-5lc, ^l^'fy^ 
• lliDSS3ia8F^i:i^WF4i:<Dg!l^5l:$iJ®-rSo 

[0 0 4 7] *|ISS?K®K:#5^1' 5;5^>^« 

JgilK 1 tts ^^11^^^ 1 2 mtim^ OUT 

dlt/dt= (Vin-Vout 

±S5 (1) ^^43v^T, mmmmii <D:&f^ai. X 

*Sg|?I N*»f>ta*SS^^OUT'v©*fRlSiEi: UT* 
t)> LB:. 1 2©';715^^>;^*^UtV^S. 

c:o*t®T-ttx ^5l|g?12 0A*fi[|fc:. AArSffiVi 

3tl»f^tlTV%5« 20 
[0 0 5 03 t 2®^;i^t:«:5i:, ^l;^>f f^l IB: 
mSi^fU =1 > h n-;H5iSS2 1 1±, m&co'ry h'^^f 
A T d e t ASjgjS ^ 2 ^ f 1 5 

5 (t 3CDB#;^) o^e>H. rJ>hD-;H5]£&2 Itt. 
t 4©I^^T-^2^^' 5;£SiaUfem> 

dli/dt=- (Vout/L) 

[0 0 5 2] Sfc, ±I3t 2A>e,t 5$T-OlHHCDa 
•fe, t, 3>6. t 4 *tfCDJWFattx ^ 2 ;^'f ^/^f^ l 5 ifiS^_ .30 
a bT43 i) . ±f3S35 1 L ttx ifeM^J^-f :t- K 1 4 T-tt 

OJlI*lRl«Efc:j8H-r5li^*^^^b/cev^„ 
Ui:t»ft??mS5 lout < . Sl^it^? 1 2 

gSl©g!«^^H:. 8 0%iM±t. ^i5V^fiSfc« 

[0 0 5 3] ii£DJ;-5»c:. ^1:^1' vf^l lOiHaSBFa 

'^'fcx mmmm 1 1 1 b-cgiii^^^ 1 2 -Nga^nfe^n 40 

¥rt3>7=>tH 3T¥m^tLfc«> m*sg?ouT 
3!)^e.ai*^ti5o c:iT% 3>hn-;i/[all^2 Itt. Hi 
:*3ffljE V out ^mm bT> ai:t>Sff V out i^-^i: 

1 0 0 5 4 ] 0y;^.«, mtiA^mm i o u t ifim:kti 

3Etir bTv ai^SEV out i|ifllfS©filV c o n J; i) t» 50 
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bT. i^i^©^g^i^;Bg^^fflV^S5&ifbT^ 
EEI^TfcjeH^S«;5?fiTSBS±b-CV^i., 

[0048] ±im^or>7.^ it^>i^mmmm i -ca:. 

02t5^-rJ:5K:s n>hD-;HlSS2 ltt.^2:^-Y 
1 5^)S5g»^$^^TV^stt^T^ ^ l ^-f 1 1 <fe 
i^il^r-B-s (t l(D\^^) . A:t/^?IN 
fca3Ao$nSA*«EV i ntt. mi;^'fs;^l 1*5 J: 

u^sii^?i 2^:rt'b-c. mtiiz^onT-^mti^n 
uT©sc (1) t^-r#i[#dii/dtT-iiip-r*. 

[0049] 

) /L -(1) 

(t50^/S) . ^©iaJC, 3>hn— 
;HiB& 2 itt^ ^ 1 1 1 ©)S»fi^;jSfc^ 2 ;^-f 

>;/5^1 5©S?a^;^ai:©Hi:> ^2;^'r'J'5^1 5©jlg»f 

mj^tm 1 1 1 <Dmmmi^ii<Dmt.<Dm;5v:m 

^©T^^'K^-f ATde t;feKlt•rv^5. bfei^oTx 
y^l 1 • 1 5ibs|^lNFt:S9abfcB5K«axS«a 

[0 0 5 1] ddtN^lJ^-f yf^l 1 45iga?f$i^■^:v^ 

sasra (t 23&>e,t 5*tf©a8H) tk, s^sss^i 2 

yf^l 5«CJ;oTiJfit?*x-C*»)> «mii©M§dI 
i/dtH:. mT©Si (2) tja^l-i-Jfci. 

- (2) 

j^iJ>bJ:oi:-rsi:> n> hD-;i/l5iSS2 1 li. ^ly. 
-T ^5=- 11 ©^liiSBS&liSf -5. Ui:*jfl#«g5 

I p xiX^Wp-t^UiiVX^ tti^JSEEV o u t ifimm 
©<BV c o n<t ?) *)Ji-*:'bJt-5 fc-TS Ifn^'^fv^"' 

I I ©#a^r^{4, im^mo 

[0 0 5 5] ±5E©SC (2) t^-TAdfc:. SI 

mm^ 1 2 s:m?x5mjffiiL m i ^-r 5'-:^ 1 1 A^jg 

W^ixTV'.aH. iia'J>b^-:5tt5©TN ^l:^-f >;'5=-l 

1 (omimmi^^ < ^ s tciito 1 1 o 

fcJ£t3^i^T^^<. bfci)SoX, tB:t»ft5^Sit I o u t i>« 

M«^c'J>*v^s^^i:. ^ 1 j^-f 5/5=- 1 1 ©Jgwwp^tf 

fii«)Tftv^S^ (t 1 IJWI^) ICJi. ^2:^-1' s/5^1 5 

iii:b«s?ouTi>e,. mmm=F\2mixiy^2 7.-( 

15^:fr-bT. GND'vagEtAsgsnsCTN ;^'f 5'5=-> 
i^a^USS 1 ©^t^^ifS 5 0 %JWTK:<ST bT b * 

[ 0 0 5 6 ] td^ASx *ll«6?g^T-tt. ^5i^?«S5 

mi\^iiolL\^tzn^ (t 14©!^^) T\ ^2;^-f 
.1 5&Jg»f-r5fc«)O^^Sn>hD-;H51gS2 I'xJJI 
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^l^^-f ^y^^l lcD^a/ji»i»3j6|t)e.rx ^27. 
^ f ^1 SS^Bf^-^*. ^ti-i^J^fN ^^^?12C 

[005 7] CH 2 (DmtM^B'} ±13^ .1 ®*S©B^T- 
ttx ;^7^';'ry'>>Mo;^'< ^'5^>^^«©®SSlt:ov^ 10 

y^>^^S©lHlKt:*)afflT&So *IIS10&S8^tt, fib 
[0 0 5 8] i-j&fct., ®3t:g^t-J;-5fc> 

ip^-f y^l 1 ^fe^bTS^flb^F^^■rv^a. Sl^^^ 1 2 
1 7.^ 1 1 mmV^ K 1 4 

*5J:im2>^'f y^l 5*'e>«tSM9'JI3K4:frb-r. a 20 
dlLa/dt=Vin/L 
dlu/dt= (Vin-Vout) 

[0 0 6 0] ^K^jEjgt-tAx mix-i -y'f- 1 1 O^jlffl 
H(Cj3V^T. ^#^?^1 2tCg%^nfcJ^»;»/=ytt. ^ 
i 1 1 cPJg^agK^3:feV^T, TJjaEEV i nC 



tb:t)@ff V o u t tcjiS CTllffilS'W-^ 5 c: h J; -J 
^fem:ft»ff V o u t je— ^g)ia V c o nCfeOC 



30 



^ 1 7s>{ -J=S-\\ <DWMmSi-tfiWi>-C. 



(t 1 \ \m^ tea. ^l(Dmj^ffii:|sl« 

uA^obiT^^t)s s§^aatit.«g'ipi$A^5fe-r5:ii: 

i)^ 5 0%i:tT{ciaTbTb^d. 



40 



[0 0 6 2] h^^A^> 3^^gti?l$@T-a, 

^tB[ElIS2 2 a^^mj- a I i^g>|ql g t^^^I bT:fe 



D s Sl^^^ 1 2 g)Jli::&|qlliti!E3y 0 (c jgr g g . [Si g 

1 5&jigifr^fefe g)|8 y^^>n^~>'^^^^ 

ai-rs. V K n-;i.[51SS 2 1 a. ^iS<§^<&Sttfe% 50 



4 ©fisatt. gl^l^? 1 2 ©SSS I u^&*ii*1" s 
l-J&fct.^ ffi^3S?l 2*»?>Ui*Sg^^0UT'v©:&lSjC: 
|ft^Sn■CV^So iB:t»Sg?OUTi:GNDi:©K 
tttx 5pytn>7^>-y-l 3tflS:^t€>^^•rv^5. —i^s * 
|IB£J|^Sgtc:#5^SI^?aiiSt^iB@K2 2tt, 
1 2 i:A**S^ I Ni:©g^;l^©S8£IufeS1SbTV% 

Ittx ^l©SI]6SJ&SSi:l^»c, a:tjaEVoutm 
b-C^ ^ 1 y 5^ 1 1 ©#iia9Hi:3S»i^P^fc©S!l^ , 

J:yf^ 2^-1" 5/5^1 1 • 1 5S$tJjiBi-rsi:^*t:, 

1 2 ©iR;)?iRiffissE*s 0 ci£-^gx je^rsim^Asmnj; 

di:bfcJ©^K:, ^2;^-Y y5=-l 5$:3iW•r•§^.- 
[0 0 5 9] ±f3flSfiR-ettx l2l2H^-ri-5K:. S^S 
SSIutt. ^iJJ^-f ^'^ l Itf^ilbTVASWS (t 1 

(t 2ip6.t 5*-c©M^) *iiD 
1^*5 J; VWiJ>l$lc**lt5*iS d I la/d 1 14, eiT©^ 
(3) *J:V (4) CS^r-tac 

- (3) 

/L - (4) 

^i;=^-f y5^l l©gijl/jg^tejgfog>^> ^2^ 

(^J ^ 8 0 % J^±) tcfe-:? d f g -5 T'T 

[0 0 6 3] mz<iy^&m'i :if^mwxi^ m> 
'mmm i: bx. steMt^M^ bfc®^K:orv-rr@'4 is 

J;Uf0 2^3ar3v^■Ci5iB^-|-a. -T^ii^-fe. E4k:7n-r«t 
die, RteMcp:?^'f s'5=->^^S©I^Klblc*v^T^ S 
3I«^-1 2©-«H:, glSfe^lxT*!?, flbSSli, ^'^7. 
\ 1 ^:^b-rA*j4§9^INt:gE^^fnTVN5. ^ 

12it^lP^-f'f^l 1 i:©SEi^tt. teSitiJ^-f 
K 1 4fc^2>^-f s'^l 5i:*>e.«:S3£5!II51ISS^ 
bT, tB*ig?0UTtgEM$tlTVN5. ^Kte^^^-f 
:t— K 1 4 ©fiHitts 1 2 ©SJ£ I Lb^Slitt- 

f'fefot.s to*Sg?0UT)!>»6,^«»?l 2^^ 
©:3^I^Ifclft«$^^TV^S. Hi*4S?^0UTfcGN 
DkOF^ca, 3ps:3>7=>-y-l 3 3b*Slt?>ti,TV^5. 

*^5f0B®t^SSI^^?^«^t^tiilHli^2 2H:, 
^j^^^l 2A»^>GND'viSti5miSIib<££4!SbTV\ 

Itt, ^l©IIS©K^i:p]«t, aj^iSEV o u t fcJcS 
bT, ^ 1 ^^-f 1 1 ©^aWP^i:3Si^«SF^i: ©§!!-& 

ivm2>^'f y^l 1 • 1 5&»Jffli-r5i:ftt:> £1^^ 
? 1 2©Jll:«riRlSSiti>«.0CiE^g> s»^|qim«E4smJ: 



^Pi711-235022 




15 

3 i: U feS^tC s ^ 2 ;^ -f 5/ 5P- 1 5 53l®f T- 1 S . 
[0 0 6 4] ±f3^fig-Ctt> 0 2fc:5^t-J:atCx m^M 

ssiibttx lA^^autv^s^ffl (t 1 

d Iu,/dt=Vin/L 
dIU)/dt=Vout/L 

[0 0 65] SKfiifiK-C-tt^ ® 1 1 1 O^liiM 

5/5^ 1 1 ©JgSfW^tc-C. V i n i:H:iS»®Si 10 

ttt-dJAf^nS. CI©SSm, XtiMB'Vin.K.MiyXm. 

iCDHfiSJB^fcPlfilts ^i::^-< yf=-l 1©»31X8P^J: 
^gifWHtOia-^Sta^SEEV out K:j!5li-CiijiS<JJHi 

[0 0 6 6] CICITn ±i!E®iC (5) tS^-Ti-pK:, ^ 

K1SfiE^c*5v^■c ^sisg? 1 2 sjsnssss i ibttx 

^ 1 >l-f 1 1 tf^^tl-CV^SHx M'J>Uo^Jt 

S. fcdSA^x ^l©IISEJi^Sii:|5j«lc, mm'^^M^ 20 

D , 3 > b u -;i/[5ii^ 2 1 tt, ^^i^^ajstftmniss 2 
2©^g^^;:»r3v^r^ SSSit^^i 2OJii*iRiSSlii*0ic 

a-^gs [SltA^Sebi-SfcLfc^;^ (t 1 4®^^) 

dIu/dt=Vin/L 

d I u/d t = - (V p u tv^L) . 

[0069] ^K#ifiET-tt. ^ 1 5^9^ 1 1 (DmmM 

F^tTx Sl^^^ 1 2lcM«$nfcJ^4^-'l'=^a:. 

L/fc4J-oT> HI CD|ISEJi^,«fcPl«t. Hl;^ 

ffVout;^— ^<Z»fitVcont«-PCfc*»-r*$S, * 
?1 7t3J:oT^ ^aS^^^l 2^mttSS«SlLci:miJ 40 

lout ^©rat^ffiffiMA^^-r 5. C©ig*> 

A*SEEV i nfcttl^SSV out t<D%fh§mifi^'{b 
■rS®^T-*)-3T*. ^KtB*aEVout4-^©fll 

vc o nfciiij^Ritg*T\y7'y'>>so;^'f 

[0 0 7 0] dd-Cs ±SE©S (7) t^■rJ:aK:^ ^ " 

K^fiK{c:43V>-r g^^^^ 1 2 ^rni^nm I Lett, 

«iaiHl8S2 23bsg|2IS«tIic©lRlt^^t^UT:fe 50 
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(t 2ipt,t 5*T-©WF^) tcm>Pi-^6 dd-tv Jfin 
^43 J: Vi^iUi^fc*Jlt S*S§ d I Lb/d t ttx WT©^ 
(5) iJiV (6) t^•rJ:■5K:^ 

... (5) 
... (6) 

fit (i^iJitt^ 8 0%W±) K«oCi:3&STf§5S«gS© 

[0 0 67] CH 4 ©HJgJ^SID *^£B©BS§"r-tt> ffe© 

|2I54b'«tVla2tS^V^Tl5iW1-S. "T^lto-fe, 121 
5K:Sn■^-J;5fc^ 75'7't5^>>>M©:^-f':'^>i'«aiil 
ESlctt. laaHS^I-;^'!' ^'f^^^^SiSlHlSSl aiiBSI^ 

^mt-fes mmm'i' 1 2 i ^^-f 1 1 fc©g^ 

jl^i:, <6«Ea^-f*-Kl 4i:©MC. 3>5=>-9-16A« 
^Jt e> nT43 D s :3 1 6 teSS^-f ^— 1* 1 4 

i:©gEMji^«i, ^ffi©gl#^^> ^ffl©ffi 

S) 1 7*^b-Cg?%$*XtVNS, J&^x B*OflSJ« 
[00 68] ±ffifilB8-CH:x 121 2 tg^t" J: ^ 

?i 2{c^s^^s^#^mIu»^ Hi;^-*" i'^^-i i*^^ 
abTv>s^M (t i*»e>t 2*f©KaF^) tiiiipu 

jgBf^tXTV^SWra (t 2*»&t 5*'C©fl8m) t«'J> 
•rSo CCITn tiJD^*5<tV^'>^J^*5{t5<l«gd Iu 
/dttt. WT©S5; (7) 43J:V (8) fc^-Ti^Kix 

- (7) 

•••.(8)_ 

' >) V 3'> h p --'Hhiss 2 Hi/ ssi^taiHiK 2 
2 b ip t) ©^i^^^;s•c5v^T^ 1 2 ©jim:SIris?s 

ifJOKiietst. iqjti^stebidfcbfc^^ (ti4© 

SlSw^fit 8 0%JW±) lc«oCi:*ST-§5T 

So 

[0 0 7 1] CM5.(Dmmm') fci^TN ±f3Hl!& 
V> b^ 4 ©IQIgJBJSt Htx ^^Jg^SSSt^tiiiHlK 2 2 * 
ffiV^•C^2S^?l 2^S£tlS«S£©|pI§^ifiSt^mi-S 
diltcto-Cx H2;^-f yf^l 5S:jg»fbtV\S. 

;^?^?^Ci:S:fflV^T^ JS|?©^$&ffi!l^bfct)bTx ± 

[0 0 7 2] tZ^^ifi. JKISl&ii^-l-S^^ttx 
Hbv^fcK), y^'f y5^>i/'aSEIBSi)*:^<bb-^-rv>. 
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[0 0 7 3] cLnt^btx WTo5y©^®-ettx A* 
®2v i n:j3J:vtii*amv out ta-3^^T. mm^ 



10 



18 

^2;:^-Y 'V5"l 5*3g®^1-5^fiS;t-:^V^TlSiBJ1-5. 
[ 0 0 7 4 ] ■r5&:t)-fe> 06 t5^-r:^'f f 5^>i^sasii 

aff«^=i > b 0-;H5]iS 2 ®^J®#S) 2 3 

[0075] ±IBS£E«:J3-=' > h o— ;HhIK 2 3 G:^ A 
:^aEVini:ai:t»«ffVouti:^t^UTV 

bD— ;i/iiss2 I'vjsiiii-rs. m-Y 

11-1 5CD^a^fci5lt-5PSffiraSff&0V, 

^n^t.x-(Dmmxit. ±mo^ (i) a^v^ (2) 

fiiTOS (9) tC5^-ri-5C^ 



X =ToB' (Vi n-Vout) /Vout 



(9) 



JtlBRfKxSStiiU f^l KDmim^*'^ 20 

^ 2 >^ -f .•^'^ 1 .5 t:mm-rtn£. mm^i^ 1 2 ti^^ r^i 

OFF **/±i3^F^x wricks i^Cx ^2::^'f^'5^1 
[0 0 7 6] it^i, |i2;^-f y^l 50jg»f^^A^x 3S* 

pt.-^ 1 5 t.x<am:. b'.l 30 

4 k: J; sM;&i^i«Eii5«c*«fS^ b, ;^ -if f 5^ > 
E§2®^^*ffiT^-^S« — M^|qimJS4^i&fxii&«) 

SKia^'f::^-^ 1 4CDjli;5lRl«ffiCeHl-S 

[0 0 7 7] ctitit). mm%m.u sas^sij^-e-r 



[0 0 7 8]^*:. *^JiSB^{3^5S£EIS»:3>hD 
— ;H3fS2 3^i^ A*«flEVin*5J;Vm*«flEVou 

«U■CV^5. bfe3&«-3-r^ SI^5R?1 2k:iS2?>Jfe:j^* 
Slz^^?miS^iBllK2 2K:-C. iS®f^?-f 
[0 0 7 9] 6 CDHSEJB^D ±13^ 5 ©USSJBSgX- 

2 3a*iSlt5i:s 07 tii^-rJ^'f ^'5^>^S®Ih1K2 

[0080] ±i3«j5£r*tt> ^ 1 ;^'f 1 1 

C4i5lt5^SISS5Iu«i. ±xE©^ (3) *3J;V^ 
(4) C5^-rJ:ai^5£^b-r2>OT\ miTs-i -:f^ll(0 

^a^tc^zi^?! 2^^$nfci^;i'=^f*JMtB^ix 

S*T*mHxattx WTOiC (10) tg^f J:5t> 



Xa=T(ffl- Vin/ (Vout-Vin) -(10) 
^^yy D-;Hn]SS 2 3 &-tfi±.%mmx^ ^ fc, ^ l J^-T y 5^ l l ©jgSii^KToFf ±l3I^Kx 
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[0 0 8 1] :i(D^m. m2<Dmmmmtmm^. mti 

[0 0 8 2] C^TCDHiSfl^^D *fc> ia4KS^1-Sls 10 
Xb =ToH« Vin/ (-Vout) 

1 j:^'^ yf^ 1 1 ®jt»fl^;feA*?)l^raxb i^i^-rs*T- 
©Hfc, 3>bD— ;H1K2 1*5^2 ;^-fy^l 5*31 

(8 0%w±) {csijtDitg'5;ses®;i'f s'f=->i''S® 

Xc =T(M • Vin/Vout 

^a>hU—)Vm^2 3 cAJ±fa^F^Xc ?£SCiiiU ^ 
iP^-f 2/5=- 1 ioiliBf^^A^e.B#Sxe i^^-rSST- 
©ffllC, Ziyh D— ;i/|5IES 2 1 2 J^-l" f 5^ 1 5 

w-rtiK> ss?^? 1 2 {C3a»;^isis«5*s?«F..n5fev'>. ... 30 , 

fc. ^ 1 y^-f y 5^ 1 1 ommmmToFT ifi. ±bB^F^x 

[0 0 8 6] :i(Dmm. m4<omMmmtmmK.. mti 
mmim^^^^m. (m^it^ 6 0%&l±) ^mwaim^ 

mmmMiu^mm&'^-^irv:.. ^ 2 1 5 ©jg 

B^^P^;£^bTV^50T^ ^4©|IS©&,^iD*)^ $ 40 
^>^c/J^MT•iS^^©P^'f ^y^>ifm^2 b*ifc«tfl«j 

[0087) 9 (Dmsmm') i: :i5t% ±IB^ 5«: 

V 8 (Dmmmy^^^ ns.^'»-=t > h d -^wbss 2 

3tt, m«> 7*s^i';i'lslliSfc:J:^t^bt:t)<kV'> 

©SI»iC (9) 35:v%biC (12) <fe®BS<bL-r, feS^^ 
{c43ltSAffi*«iEV i n • V o u t ^CS■^V^T^ iSC^ 

1 0 0 8 8] fee U ±J&D^m^ (9) J&V^US (1 50 
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mumm 2 2 (Dj^.t> *) t:, aff > b o -;n5]gs 2 

[0 0 8 3] ±i3«fiKT-{i, m 1 ;^'f 1 1 ©^®^ 
C43ltSSI3imii£Iu,tt> ±M©S: (5) 43J:tr^ 

(6) c^-rj:ac:^<b-r5©T% ^i^^w'v^^iio 
1 2-vg©$jxfe^^;«'='i=*sisctii**t 

S*t©^F^xb tts WTCSC (11) fc:5^•r«t•5fc^ 

- (11) 

27.'f ^5^1 5©igif^P^*^bTV^S©•r^ ^3© 

[0 0 8 4] cms<DmMsmi^ hscs^-j-t 

^|g?mJSt*tli|n]S& 2 2 ©f^t) D t::^ mEI*^:3 > h p 
-^mSS 2 3c ^aSJt 5 fc> H 9 fcS^-f-y^'f 'J'^>i^a 
©lE]M2c;!>^aj|£$n%. 

[0 0 8 51 ±f3«fiet-tt. ^ 1 J^-f 2^5^ 1 1 ©«a«F 

fc^srts^simssiiettx ±izE©s; (?) ^^va 
(8) i::s^-rJ:afc^<b-rs®-^> ^l:X'fy^ll© 

aiii^ic^^^^i 2^wm^nrz:3^^)\^^ifimm^ti 

^^X'Ommxc it. JWT©iC (12) 

- (12) 

2) ©J®^x T'vi'jmmxmm-r^t.. m&mm^m 

±MbfeJ:-5lc. ^Bgt:iS»^|RiSJK*smnJ& 

^^)5i^;^^)^^iaflbfcl^;^s^iX^■cv^5i:. 7.-(y^>^ 

a3lipiSr©|^l»4£i«£T-r«©'tx 5E<eiiC*fflVN-rlt 
?i^5 i;/'x-f s'^>*^S®ii8S©kil«^^ 

[0089] WT-C-J±, eEE«:0-3 > ho— ;H5IK2 3 
©»®«tS!fig0Si:bTs T:^-o^'©«:&§§*fflV^feJ©^ 

ff^>i^a©[H]SS3H:, ;^5'^'7'^'>>M©l3]E&T'feo 
Ell 0t:g^-rJ:5t, «E«^n>hD— ;b@iS2 

3a:x A:t7SffVini:tB:^mffiVouti:<fct^b 
iiaBEVin. Vout *■€•©**> *fce:^ iuU 

^^QSbfeaffiife«SiE'^^-rsc:i:lci-3Tx ^^iS 

jsii ©^{bsdii/dtcjsbfeassssfejsR-rss 

Brnm^^m^ (m&mM^^'Si) 3 1 2:. mEEmm^ 

^lHl!S3 l©iJB:<j«?S?&S«b-CSffi^fc^tfet- S«m 
SjE^tft^ >7^>t)- 3 2 i:^ SJSaE^^ >7^>1t 

(ss{3 >7=>-y-) 3 2 ©ai*aE V c *m^©ii6©s 

ip«EVref 1 i:tfc«<-r?>3>.'^U-^J' .(SiJ^lSP) 3 
3i:x ±f3Sip«flEVr ef 1 Sr^bT^W^U— iJ' 
3.3'^A:t;-r«>S©3 4i:5£M^-CV^-S. «:43> ^© 
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[0 0 9 0] ±f3SffSJi^i^yiiK3 1 tt. mip^^y 

ffVoutK:Sr3V^T> Vin-VoutKJt^OLfcS 
ajSjEtgiliSS 3 1 ai:<3SE V out tit^ai bfeaJS 

[0 0 9 1] ctit:J;D> El ll^^^l'J^-SlCx ftjsa 10 
E^iftn >7*>i?- 3 2 OpflSSBE V c tt. 1 2 

fcjsti-5iii:>5riRims5iL tcit^aL-c^^b-rs. ufctfo 

ffiVcisOVK:«t5^;^i:b-CiEfiSK:t^UiT-&S. c:® 

Vref li:Sit«{b-C> MSS«EVc*sO CVD t3«£ 
Slutc, ^E;:^^' 5/5^1 5CD^^:3>hP-;H5IK2 

8 0%fet±) \zfm-^W3i7.7^^y:^^^>m<o:^'< 

[0 0 9 2] 1 0 ©^sEjg^D :^mmm-r:u. m 

y^>4^S®llISS3aK:43VNTx 7':?-n^©S^&ffl 
V^T, «ff«:^=3>hD— ;HlB&2 3aS«JSELi&J©& 

[0 0 9 3] *|®E}&®tc^smE«^n > b P— ;H1 
E& 2 3 a 010 lc^?t«Eg[^-3 » P— ;H51gS 2 30 

g§^SSSIu&S[tB-rsfc«i>0«jE«JiE^lsIK3 1 a 

3 lal4. Sll::^-f y^ll#«^ib■CV^SS, 

E V i n tittfij b b, ±i2«iS«ff IE^=J 

>7^>-y-3 2'xSKbiitr. Mi;^-fff'l 
WSix-CV%5S. SBESS5IEifeIilSS3 1 att^ 
Vin43J:Vm*®EVout{zS■:3v^•r^ Vout- 
V i nt:it«!a bfcSm<&±13«SS«E^3 >7^>-y- 3 
2ipe>§Ita<. ^;43x mSS^BtOJt^J^iSH:. iHa 40 

fmii.mmf^ii'^i^^-Ti^ % • 

[0094] citi.lc:J:5^ 01 3^c^•r±■5^c:^ 
ffi^t^rj 3 2 cD^iSaE V ca li^ 1 

2tmnsm;^iRi«iaiutJt0!lbt^'fb-r 5. bfcAs 
oTx 2fc3a»S»E#8EnJ&«>5l$;^*x PiSS 

S£EV c, iis 0 VklJfea^^Si: bTiESttt^mt 

ip«ffiVref 1 i;*Jt®b-Cx pSSflffiVcaA^O 

-^l/EIBS 2 1 'vjgs^-f jxa, gl^lJg? 1 2 CJE;^ ISIS8S 50 
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oT, mtin.^ifi'p^^^iin-^hr>x^. ^^^?i2 

fit («»J;^«s 8 0%tU:) t$t^Di|gj5:;^7^y 7'^'>> 
S©:^'!' ';'5^>^S3S15IK3 a^H^T-tSo 

[00 9 5] 1 1 (DmmrM') s fc^ ^lusje^T? 

y5^>^'«®IiI8S3b^:*5V^-r^ 7':^Pi/©S^Sffl 
V^T, ajE«:»-n>hP-;HHlSS2 3b&«J5ebfci&& 

[00 9 6] *IUi0BflSC:#S:5«E«^=J > h D-^Hl 
ES 2 3 b tt. EI 1 0 izm-tmmm^^ > b n -;i/I51gS 2 
3 i;lllSll!«T•fe5*s^ SmS«iiE^iaK3 1 tf^iXx . 

mmmmiibt:miit^rztb<DmjE9M^^m^3 1 b 

3 Ibtt^ HlJ^'f >:'5^1 l*s3iabTV^SH. XtlM 
ffiVintlt^bfcStigS^U ±IBmSiEa£E^3 
>7'>1*- 3 2^batr. !g 1 1 1 i«i 

l8f$^^■CV^SFJ. SffimSiS^ifeIiIS&3 1 bH;, ai:t)affi 
VoutCS-rSVA-Cx -VotJtfi?!lbfcSSSt:±l3miK 
Sffi^lfe3>7=>-y-.a2A>6>3l§fe<. «iSL^ 

[0 0 9 7] :l^^K:J;t)^ 0l 5t5^-fidCx m^M 
3 2 ©^SgSiEV cb ^SII^?' 1 

2k:8^Eti.SM:?&|qim«SiU)tJt««Jb-CX<b1-S- bfc4» 
oT^ 2fciS*S«ti)SS!Ei^jl&«>SRf^S^ PSt8 

SBEV Cb 1fiOVt:.f3i?>f^jkil bTIEStlCltfttB-^ 

^mmVref IfcSlfcKb-r. SS^SEVcb.i^O 

-;i/|elK2 l-.Ji5^1-nH> 1 2V2»:;&(Si"«jii ' 

A^JSnstutCx ^2;<'f yf^l 5S®SlrT-&5. bfci)^ 

fit 8 0%W±) t::$S^oitg«esteMo;^^' y 

•5^ >^^«llSI5|^ 3 b SHJ^T- 1 
[0 0 9 8] C^l 2©^y(i^^D $&lC..>:|ISi0^jS 

fli. Ell 6%#figb^£*5e.x m9iiwm<^T^yyv'> 

>^©;^'f •;'5^>^^«3S[5]K3 clC:}^V^t^ 7:^P^^© 
«:0-i§S:fflV'>T> hP— ;b[iSg2 3 c^m 

[0 0 9 9] *||fii5JK®tc:^5«ffi«:9-:3 > h P-^HhI 
E&2 3ctt, 01 0t^1-«£E^;J9-ri>bP— >'HiSS2 

3i:iBSiii«T-$)S45, ms.mm^^m^3 l^cft^T^ 

g|^€S!EI.Le^@U'r%^«>£D^S%^j^lHie&3 1 c 

3 1 ctt, ^1;^-^ <;^5^i l5!)S#abrv^5F^. a*s 

Eyin^::a^V^■C^ Vintcitfi^UbfcmJS&^U 
±fBSSESE^J^&3>7'5'-y-3 2'vSSb5itr. — *x ^ 



!!tli¥ll-235022 




23 

3 1 ctt^ ttS:t;«EV o u t ta-:5V^Tx Vofcifc^aib 

[0 10 0] dixlcj;?), 01 7HS^-f <ta}c:^ 

3 2 ©wJsms V c c tt, 1 
2fcjin5)ii;?|qiS«EiicK:ib^Jb-c^fli-rs. bfctf 

^ai^^^ 1 2 ^zis^«^si)S^ii[^^il&4^)5^;^l*^ mm 

ifseffiVref IfcSJtRUtx pSgSEVccA^O 

-;i'[eiiES2 1'Njis^-rnKs Ksiig? 1 2{C3awiqissK 

fit m^i£. 8 0%W±) K:iftitprt6«:5Sv%T2'7*^^'> 

to 10 1] (Bl 3O|IK0&jSD i:C:5Tx ±ffi^5 
«:V^b^l 2CD^|IS©K«tt> Mm^'J'l 2lCjiStv5ffi 

js^itSEtftta-^-Tx A^mffi V i n ttii^affiy out 

^:CS■:3V^■C^ 1 2,K3a£ar|RlS«E4sSiEn*&«>5 

l^;ia*tftaib"rt'>Sfcftx 1 C ( Integrated Circuit 

) )&^^t:*«^bb^■rv^. *^ssi^-«T-ti. 01 

[0 1 0 23 ri3it>%. *^SK!?®TfJ4, ^l.>^-f 'if^^ 

1 ll±x N5=-\'^;i'OM0S h^>S^;<^N lf«fig$ 

>^3R? 1 7{±x KSIIg^L 1 C-CJBfig^ns. 
[0 1 0 33 *|ISfijg^t:^^5n>hD— ;i/@iiS 

2 1 ctix I±l;l!3®EVoutS:^ffi-r-5^4 1-42 
tx m«Ofll©»¥SSEV r e f 2 %^-ri.SS4 3 
fcx ±fBMffiJJi4 1 • 4 20g!^;ia®«EV a d j A^iE 
Xtt^^Vl. ±i3aiP«£EV r e f 2 3!)SgA:'3SS?fc:ffi 

5. $e.lCs n>hD— ;Hi8S2 1 ctB:, m^<0^9R 
0=^S[*«fefi£-rSH^SE^3feS4 5i:> m^CfitO* 
S^JBEVref 3$^-ri>«jlS4 6i:. ±§3:3 
4 4 £DtB;tji:±iB»'^aEV r e f 3 i:<&iEA:t;i: 

PWM ( Pulse Width Modulation ) ffiCD3>>'^L'— ^ 

4 7fc*5^lte>nTV\5. ^ 4 70tB:t> 
tt> -< yn—if 4 8 ^:frbT, ±!3M0 S h 5 

N lO-y— h{::BliD$ti5i:#tfc> 2A*NANDiaSS 
4 9*^bTx MOS b7>5?:X^P l©y— htirotlD 
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[0 10 4] ±i3^fi^{:::fcV^T^ ai:*JS£E V o u t tt, 
«an;4 1 • 4 2fct:^E$*lx iSaSffiVad j fcb* 
X. ^t^tliffl©=i>'''«^— ^ 4 4k:SiiD^nSo 
nw^l/— ^5^4 4tt. Sip«EVref 2i:x ^SitWE 
Vad jhSrJtigibTx M#cZ)^tliSbfcSffi;£Hi* 

•rs. — :«rx PWMfl§03W^v— ^'4 7J±x ±ffi=i> 

y^l/-^ 4 4CDiH*SEEi:S3P«ffiV r e f 3 1. 

-e:§iv^;^©aEEi:. h^«5»^S4 5T-^bfc=^iK 

10 fcifetfclgtbT^Vl/J^fi-^S^-rS. CldtN ^W^U' 
-^'4 4om*ttv fflSSBEVad ji)««iiSaffiVre 
f 2 i ?) 4):*:gv^S-&^ ^vi'X*i*s^iJ>-rS75-iqi{c^'fb 
U ilSjiSffiVad jcD:*i|S/^^FV%:@^t:. vVi/J^tii* 

oTx ±ga'^;i'>^e^©>'Vl'Xititts lli3i«EVadj 
i:. S^SBEVref 2i:iJ— a-fa.t-pfcS'JIWSix 

[0105] ±ffi^ Vl/y^^B^ttx ^ 4 8 T-Ste 

>bD— ;Hp1SS2 3 c*»e)»2;:^'<' ^^^^l SCDiSMA^Ji 

P5^-\'^;i'CDM0 s h 7 p 1 b'^.eiiD^ 

ns, bfci^o-Cs »l:^'fyf^l lOeSii^Klttx ^ 
2;^-r ry5^ 1 5ifi^$iV M 1 5/5=- 1 1 ©^»f^ 

m-f ^/^l 1 • 1 5©;^->/:^7l±. Ul* 
SEV o u t AsmScDfiSV c o nfcJfeS id fcSW^ti 
5. 

30 , JO 1 0 6X ±|B^" W;?— f 4 8 i:MO S h7 

N 1 fcOPa/ ktPEr JtfBNANDlalliSi'g tMO S h 
7>S^y^^J'P 1 iiOMCtts ia^b3S:v>7'';>'^u''7Tis 

MMOS h^>s^;:^^N 1 -Pio— :??H:x 
ffcStf^BfbTi)^e.m«©7^s' K/J^'f ATde ti^igii 
■r«*T©Hx ?9;ab«:v^J:5t:SiJ»*na. 
[0 10 7] *fcx nwilx— ^'47tt, zil^f^X/—^ 
(Dditin&ifW^nS.^ r e f 3 i >3 *)fiV^»&. 
40 SEVref 3i:=^^i:SJtS?b-C>'Vl'^fg^^^ 

';'5^>^SaSI51ES4 cO^^^tifs tH±i«ffiVout 

l§^s$ij?SbTs ^i;^'ry5=-i ioa««:B6Jt-r-§ 

[0 1 0 8] i&*5. ISMOS 1 • P 1© 

OT-I4j5i<x 01 QC^-TJ^^ts ±13-1' 

-:J'4 8*J:VNANDI1K4 Sfcs TOM0Sh7>S^ 
50 ;^^'N 1 • P 1 fcOfaK^-Y ^ ^i^SlIffllSPS 0 *iftltT 
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^4 8©ai*lH:^ ANDHSSS Oa^-J:V^ty7r 
SObSrt^l-L'Tx ±f3M0S h^^i^'J^^N KD-y— b 
tRP*D$ni). PltSC NANDI5IgS4 9(Z)Hi*a:. 0 
R^^5 0 cH^W^^yyrdOd^-ft-VX. ±i3M0 

^^';;77 5 0bOiB;t;{ix ±l30RlHliES5 0 cnA** 
^^•r*D^ ->^s;7t5 Od<oai*tt. ±iaANDI51BS5 
0 a^A^^iT-S. 

[0 109] SK^^t-tt, ANDIH!SS5 0a{±^ -f > 10 
^4 8i)»f>M0S h^VS^^^'N lOSiail^tiS^? 
*l"t*>^ y^s»7T5 0diSMOS h5>S?:3^iJ'P lOJ^ 

•7>i?>^4'Nl®#iiSPlJtUTVAS, ^UT. AND 
I1S&5 0 a©tU*B:% J^tfyy SOdifiiSSSi^l^X^tz. 

/N-f l/'«;ui:36:t), -^^-^/^r 5 ObS^bT> MO 
s h-7>i';^^N icD'i;'— bicsiiio^ns. L/feA^-p 

T^ ANDlHlSSS 0 aiJJ:V-'^>>:7 7'5 0 bCDiUg^H 
li. M0Sb^>5^>^^PlOJS®riJ'-f 5>^J:t)4.® 20 

[0 110] m&t^^ ORISSS5 0c{i> NAND0ES 

4 9i>»e>MOS b^>S?>^^'P l<Z>^jl3bSffi5^$*xT 

4). /^^y^T-S 0b*JM0S>-7>i?;^<J'NlO^»f& 

>S?;:^^P lOSia&RiJtbTV^S. ClCDiK*^ MOS 

[0 111] — ^r^ 01 8K:^■rJ;^t::^ 
. m^mBE'SmP^'^9&^ 1 ^-f^l 1®^ 30 

jll^KA^aBEV i nttt^JbfcSmStiS:*J-rsfe» 
tC. A*7®BEVin4:&fff SffiliiS 1 • 5 2 i:. WJS 

5 3i:x T>y5 3<Dmtj\^^—:^ifiWl^^ti^ 
^4s^5 4^:^L-?:^Sk$tl*:NPNM© 

^ 5 5 i:^ ±13=1 > bo— ;i/|n]K 2 1 c i)» e> V ^ 1 ^i' 

5/5^1 l®^a^£?^■rm^so«*§^ts^ofc^^{c. ^ 

6i:;£^S^TV^5o ±i3h7>i^:^^5 5fct^ 40 

5 4i:©gMa:^ 7>7'5 3©^A*^?K:ftJia* 
nT*5D> T>7"5 3tt, ±i^lfi5 40pSSSSi)*x 
±f3JSiiT;5 1 • 5 2®g?^®«E{C«:S J:-5{^N 
>t^::^^ 5 5®-^— ;^«E4Sii®t-§?>. 55;*% ±137 
>75 3 AS. i|t^aSS^©$Qati3«iO^ 1 7>7Ta^C: 

[0 112] ±f3«J5£t43V^T^ A^SEVin&JKni 
5 1-5 2-Z:^JEL/-r^^nfcmffitts T>7"5 SC 
i^-Cx ^5 4K:$5nsmS!t'^^gi*ti«S. 50 




14 V-J/* 



26 

SSyafelHlK3 1 c{±. ^l;^-f ^'^1 l©«31bTV% 

SM> A*;®EVintlt0!lb*:Siiit^> SifiiaE^i^ 
:3>7^>t?-3 2'NtB*t?$i>. 'Et^iix ft-^SoNAs^a^ 
^5bTV^3a^V^®^tt. * l/> h ^ 7-I1IS&5 6 tt> Wli^ 

A»e.§l§ii*tlS. 

[0 1 1 3] 3^SIJ©i^^t^SSffiSlfit^^ES 
3 1 cl4s ^l>^-f s*^!. lOMW^CtH^SiEVou 
t{Zjt«f!lLfcSSi£*it5;*3-r5fc«>K:x tli:<3«EVout 
:&:a-£E-rs*ffl5T;6 1 • 6 2i:. MffitftB 1 • 6 2®gE^ 
;SASiEA:t»Jg?l^g?«l^nfcT>r6 3i:. T'Vr 6 3 
oaj:<jK'<->^A*ei^*nx 3i??'^Ass»t6 4*^b 
Tg!«fe$nfeNPNMOh^>i^;^^'6 5h. ±f3n> 
bP— ;H51£S2 1 cA='e)x Mi:^^ s'^l l©jt»fS5^ 

5CD3Vi7^SSKi:l?l bfiScDSJiSSST !3 31 bT Hi:tit- 5 

b ^ 7-I51SS6 6 ©m:t»«s5&sa*T ds^-a V > h ^ 

6 5 tffiJrb 6 4 i: (DW^jklt. T > 6 3 £Dft A:tf«?^ 
{Cft®al^n-r*'t)s T>r6 3ii. ±l3iSEiT;6 46DM 
^m&ifi. ±13*^5 1 • 6 2(D^j^<Dm&i^^^^ 

*\ ±f3T>7-6 3 ifi!^Wfm^<Di^m^SdM(Dm27> 

AS> ^2®AV> h ^■5— llSSlC^rjSSb-CV'iS. 
[0 114] ±S3«^^:*^V^T^ jB^SBEVout^ 
1 • 6 2T-^ff bT^^nfcmkttx T>y6 3 
tJ:-DTs JfflKB 4l3^S«iffi'N^lfe$ixS. 
mtii. ±f3M^SorF AS3ilBfS*bTV^SS•&. *V> 

Else 6K:j;o-rff ti5g$n> 
b 5-7-11^6 7 KioT. ammjE^:3>7^>-y-3 

2A»e)«ffiSS^I^lHlS&3 1 c^(D:^l^^t^*)j&^fi 
5. c:nK:iDx SffiSSitie:lllilSS3 1 ctt> ^iJ^-f 
y^l l®^iabTV^SP^, aj:^j«ffiVout Jt^?!lbfc 

a85$> •a;^ig«ffi^^fe3>7^>•t^3 2A»e)5i§iitf3t 

tft-tS. 5a::*is ±f3<g-^SoFF A5»a^S^bTV^5® 
±f3*l'>h 5 5-11886 6 tt. S^^f^b«;v^. bfc 
4SoT> ±3iCD*V> b5 5— li!iS5 6(Dai:t»^SSE®» 
A^, «jf£ftE^J^|r3>v^>-y-3 2^#^$S$ti5o 
[0 115] dtit-tt). «ffiltsS^lHllK3 1 ctt. 
^iJ^-f y^l 14*3!^abTV^5fa, TobSmVinK: 

ttmi^fzmm^^^ bT> v^^vy- 3 2 

^^■rv^2►F^^ wmmmm^^m 1 ca. Hi*«EVo 
utttfc^bfcS^i^;fe5l#fev^T. sssaE^3>5^ 



i|tra¥ll-235022 




27 

[0 116] ^6fc^ ^'3 3l±x P^SEV 

cc ifi. mM<Dm<DW^mE.V ret l feTHofc© 

Tl-'Sil^l^U NANDIB18S4 9^ai:*f-r5^*fi 

r^^io ccomm. a>hD-;i/iigs2 1 c^3*^^ 
t)e>-r> p^^-v^i^voMos h^>i^;^^'p icy— h 

£EII^:3 > h n— ;H5IB& 2 3 c ttx SaSSSS I ici)«ji* 

•So 

[0 1 1 73 cc-e, ±IB«J5!t®3>M3-;i/I5igS2 1 
c j3<t tf aEE«:9-n > b D— ;i/[HlK 2 3 c «:> 7" > 7"^ 

L/fcftSo-Cv 3> bo— ;i/|iIK2 1 c*J; 
V«ES^3 > b D— ;Hh1BS 2 3 c * I C i: bt^tt L 

1 3, teSS^'f K 1 4, ^ 2;^'f 1 5. a 
>7*>-y- 1 6 :te iv-f >b:— ^>;^^? 1 7 i c 

®|5IK4 cS^fiKt-&S. ±i3=i> hD— ;H5lgS2 1 c 
14^ ^iK^ ^t^mffiCD^iW^W-tJ'4 4-^H^ig^ 
^iS4 5)5:if^ ]Sv^^«8»T-iM^U ^V>tta4s 

— ;H1K2 3 cK:*v^■^:^ •Sffi«iS£^t^i[sISS 3 1 c©S[ 

isv^ ii. I icSiE u < gcait- g-r. ^ 
D-;i'[iss2 3$:^«•rn^^^ ^n-en©8i^«s*if 

ag|olSS4 cS^lgf^i). ^IJ^'T 1> 

Jiii^^'f;*-- 1 4, 43J;t;f^2;^'f 1 5 

Vr ef 2CDfia4s— ST-feoTt)^ iiB^rb4 1 -4 2® 
^ffiJt*^M-rtiK> J±i*JflffiVoutCDg®ffiVco 
nS^-C^S. bfetf■pT^ Pffiln;4 1 • 4 2 ^^^ft 40 
It bfcJg^tt, BS«V out S«-rs:^'f 

>^sasiiiKiaT, ±i^isii»*«fflt-ts. 

[0 1183 

[^WCD^»] iff5RSl®^BJt^5I5l^S^StlHlSSI±^ 
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[0 119] ±l3«fi8Tld:, g|S»SR?S«Etftai^S!iisg 

[0 12 0] si^2<Dm'ii^^9him9mmm^. &. 

Tx ±13^ 2 ^^'f y^Sjgwf-rs^ 1 ©©Jffli^ekfeiii 
[0 12 1] ^iif$>^. m^it.mm\z. m^m^-c 

[0 12 2] gi9:^3eD%QSl^^%P]^9^E&(^x £1 

±i3i§#«^^«s^t^di^©ofS^fci£-:5v^■r. ±13^2- 

[0 12 3] ^fV^TL. fS^l tl^iCs 

[0 12 4] ii}s^4CD^qs(z^SPl^$SIsieS»:x 1^ 

±cDJ;-5lc:^ iS5RJB2 *fc«:3f3«E©^^®^fi£fc*'^'> 
T^ ±ia^l;^'f ±13 

[0125] ±i3«fi£T-tts m 1 ;^'r yf^c^Pa^t. 

[0 12 6] gi^JgSCD^^tC^SPIK^^lSIiESiix Jl^il 
±<DJ:dC. ±g3^5^5'7"^"J'>®®PBB38SiElHl8St43 

VNT, §l^^?««tt^aj^lS*JJ:iF^lo$'J®i*S!{::f^ 

±13^ 1 «jiS«:}t^ bx ±13^ 2 ;^ y ^*«iJffli-r Sfl 
[0 12 7] ±f3«fiBT-tt> S§aS3f{?S3g*ftai^S*ffl 
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(D^^k^m J: t) /J%ST-li5«!lip©ll»8S«£llES*l^ 
[0 12 8] g|^6CD^^lC^SPI^SSIiIiSH:s 1^ 

±fB^ 1 SSKSft^ b> ±13^ 2 ;^ y 5^*«BKW1-S^ 

CO 1 2 9] ±gBSfiKT-H:. ^«i^^mmtfeili*IS!<£ffl 
1 «85&itg!Sm-Sf^fc U ^ 2 ©$|J^?#I8 

©jas*^ i ») /jNS-eigia^©iBi«8SSSiis&s^ 

[0130] IS^IM 7 ©^B^tc^^S PISSSSElSeStt, 20 
±CDJ:d{Cs ±fa5eM©PIWSJSIllESfc*V^-C, ^ 
^?«8Stfttii^lB!*J:V^ 1 ©©J»#®t:«;^■C^ ±13 
SEE i: m*flS^«E i: fcSrS vat, ±13^ 1 « 

[0 13 1] ±83«lfieTH:, S§^Jfl?««Etfeai^S!Sffl 
v^T^imiiii^ifig|^^i1-Sftto?){c, ^2©$iJ®^© 

iff^BM^t hrim^m^sd^ 3 fcRi«©*!i«%* 30 

b, J: t) /J^S•C-^J^©llIfl8S«EialSSSIlmT• & S i: w 

[0 13 2] if^8©%^iC^2>I^MSl^g]i@ti:s 1^ 
±©J;^k:, if3SaH6$fcB:7f3«©^i!§o«^i2fc*iV> 

±m^ip^^ y^isxxm^m^(om^M.}^. ±13 

Smi^?i:©F^tiglte.nfc3>7=>1*-i:s ^^3>7= 
[0 13 3] SK:Sj5ET-»i. ^iX-f y^©zia^l;> 

si^^?tsa$nfc^4^;i/=¥=a:x n>7^>tJ-&;n^bT 40 

V^^SSHSSi: b-CiW^Rlig«:if««4 f;|^©jaS^ 

w b> J: »3 /jNaT-;aai*s©PiJWSSSiaES*^3af g a i: 

[0134] 9 ©%^{C^;3 lil^SSlHli^iix . 

±0<t-5t, li)IS8fi5s 6, 7*fci±8f3e©%l§©fil •• 

^^^a£Ei:±l3B 1 y^3i)S^ffib•rv^5>b»SiP^:^c 
»-3l^T^ ±i3miSSS©SgI&SK:*Sbfcmj5;fe^1- 

^asm^iii^i:, ^^fi£€%^^©m:t>(Cx ^ so 
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lSgaJisg^$tifcS«:3>7=>-y-i:. ^KSarj>7* 
>-y-®^l^©ascS-:3v%-c, ±f3^2;^-f 

[0135] ±f3filfi£-ett, Am^iig^^SflEtS^VNT 
1 SSit©^l&fi*«^5-bT»ai-r5© 

|5lSBfi«SlslES©^gS»2^* $ |qI±T t S i: -5 a* 
[0136] jD^Tx ±l3«lS«ffilElfeg|5^$<J^SI5ttx 

mm:ti<D^9mmMss^nmx- s 5 i: vNdassr#-B-c 

[0 13 7] if«^l 0©«WtC^5PI^SES5IlESe:x 
W±©<t^C. if5I<ia9I3«6©»?8©m^^*iV^T^ ± 
l3«jE«aS^a5H:, ±I3X:t;Sg?SEE43ivm:*JJS? 

©«fii^tr*5it «>±f3^ 1 mm.(D^m.izttm htzmm 

&^-r-S^lT>7-I5IiESi:> ±f3^1^'fs'^©«i® 
RfC©a!*^. ±g3^17>7^K©tB*SSiEi:Plbfi©S 
SS5£±I3^«:3 >7^>1^-©^ 1 Sggp-sjSbjitr^ 1 ©* 
> h ? ^-HSSfcx ±fi3A*SS^^mffi43 J:vai:*3Sg? 
«£E©3t>x ij>«t<iit>-:?^t::S-:3v>-Cx Bi;=^-<5'^ 
©7l£»fl^C::i3lt %±f3^ 1 Sii!E©^ibfi{^ Jt«^ b:^S% 
^^•t^f^27'>ymmt. ±f3^lX'f >y^©j®l@f 
^{c©*5*^, ±t3^2 7'>7'Il^©ai:*SlSti:lRlbS©« 
Sit<£±l3S«=' >5=>-9-©^ 1 SggPA»e.§l < ^ 2 © 

[0138] ifB^fig-r-lix ^ 1 s;'5^©#31i^t: 
H:, m 1 T^rmssiis ^ i ©a > h ^ ^-m^tifi 

Srf^ bT> ±I3SS{:3 >7*>-9-©^ 1 t^t^m^iW^ 
-rs. ?ll;^-T ^y5=-©3il^i^K:li. m2T>-:rm 
ESfcs ^2©*u>h^7— HJKfci^iM^b-Cx ±13^ 
ltn>7=>+>-©miSgSB4»e.m<^&i!ctB1-S, ^tn^ 
A, «BESiSSiE«liIBS{i, ^i;^-r 5'f^©#iii:3ilSffl^ 
fc©3U5r{C43V^Tx ±13^ 1 mm.<Dm.W}M}zm t&«8iE 

[01] *^0J©-|l«0^®&^-r*»©t?feDx PWBS 
^£^r^CSfflv^fc;^7^«;'7•t5^'>>M©:^'r y^v^asiil 

[02] ±i3;^'f s'5^>^'Si®iii^©grf^ss^-r«aK0 

[III31 *^^©flb©lli©K^$:?xT«)©Tfet)v 
ejiy?SCSfflv^fc^7'^y7'T>;'7"M©7i'<' '■}f^>irmM 
lHlS&©Sgi5^^t'>^D ^;i'0'C-$)So 

[04] *«B8©*&K:ffe©|lffl0g.«*5^1-t»©Tfe 
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[EI 7] 2^^?§CD$e>{Cflb©ll^g|$5^1-t)OT-fe 

[12 9] *?BWO$e>tf&®llfiiy&^*5^t-4)©-T?fe 
[Ell 01 ;*:^B^cD$e>tglJEJ^SI^5^1-t>®T-feDx 

[012] *^M£D$e>K:ffe®IIJfiJ^SS45^1"*'0"Cfe 

[013] iggj^-Y ^y^yifmum^foM^-^^-tWd 
[01 4] *^BjcD$e>ic:ffeose)sj&®s^-r4)Ot?fe 

[01 5]=J-|B>^'f ';>^>^rSSlHl8S'?)i!lft*5^-rm. 
0-C'feS, 

[016] 2ti:^W(Z)$?>tC'ftbCDlli©&,®£^-r4)©-efe 

[017] jbtBy^-f ^y^>-^m®ms&comf^^-t^ 

0T-fe*. 

[018] *^^©$€,lc:ffeO|ISEJ^Si*5s-r4)CD-efe 
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[019] *«q80-^fi^&35^-rt)©-Cfet)x ±IB:^ 
[02 0] ti63fefi»I45^-r*»©T-$.!)x PMBSSSEHBSOM 

[02 1] ±s^7.^ y^>i^ss[a8S©iW^*^t-«a& 

0T-fe-5. 

[i^^©ii^] 
11 ^i^'f 

1 2 

14 mmsi^^) 

15 ^2::^^^^^ 

16 =i>7^>i>- 

1 7 -f (^fflsajik immmm . 

2 1 n > h o-;miES 1 ©*IM*®^ H 2 ©SO 

m 

23 - 2 3a'«-2 3c fflE^^ghaV hn— ;i/[HlgS 

(^2©$ijp^ia) 

3 1 • 3 1 a~3 1 c mS.fSmSl}^'^ («Ett^ 

3 2 am«E^3>7'>'y' >5'>-!?-) 
3 3 3>>'^l/-<$' ($)Wg|5) 

5 3 rvr 1 T>yW) 

56 (^l©*V>b5^-lHl 

.gi).... 

6 3 (^2T>>TiI^) 

66 AU^h^^— IhIK (^20AL'>h^^— E 

67 AU^b^^— iHlgS (^2©AW>b^^— EI 
I N Xtimi- 

OUT mtim^ 
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